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INTRODUCTION 


The origin of the phlogopite and apatite-bearing pyroxenites of west- 
ern Quebec and eastern Ontario has been a subject of controversy practi- 
cally since their discovery. In the early days the argument was whether 
the phosphatic material present was originally organic or inorganic. 
More recently the dispute has been between those who believe that the 
pyroxenites were formed through contact metamorphism of calcareous 
rocks, and those who believe them to be basic segregations akin to peg- 
matites. A proponent of the latter view, H. S. Spence, mining engineer 
of the Mines Branch, Canadian Department of Mines, knowing of my 
interest in pegmatites, invited me to investigate the Canadian deposits. 
This invitation was accepted, and the following paper describes the 
results of the investigation. 

Field work was carried on during the month of July, 1934, when 
eleven mines were studied and extensive collections made, both from 
available parts of the deposits and from mine dumps. Over 400 speci- 
mens were collected and shipped to the mineralogical laboratories at 
the University of Kansas. There each specimen was examined mega- 
scopically and microscopically, the minerals identified, and their para- 
genesis determined wherever possible. This work was done during the 
academic years of 1934-35, 1935-36, and 1936-37. 

I wish to express my gratitude to Mr. Spence for many courtesies 
shown me. During the course of the field work he spent many days with 
me in the field, and has been ever ready subsequently to supply essential 
data, specimens, photographs and helpful advice. Mr. Spence also read 
and criticized the manuscript copy of this paper.! The manuscript was 
also read by Dr. A. F. Buddington, who made some helpful suggestions. 
A former student at the University of Kansas, Mr. Harold Hoover, ably 
assisted me in the field. The field work was made possible through a 
grant (No. 151) from the Penrose fund of the Geological Society of 
America, which was sufficient to cover most of the field expenses. The 
Graduate Research Committee of the University of Kansas appropriated 
funds for the purchase of thin sections. I am grateful to both of these 
organizations for their assistance. 


1 Spence does not concur in all of the interpretations presented in this paper, how- 
ever. 
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GENERAL GEOLOGY 


Location of phlogopite-apatite deposits in eastern Canada. The oc- 
currences of phlogopite and apatite in deposits of economic importance 
in Canada are practically confined to two districts. The larger one lies 
north of the Ottawa River and the city of Ottawa, in western Quebec 
(Fig. 1). A slightly smaller district lies southwest of Ottawa and north 
of the east end of Lake Ontario, near the eastern end of the province 
of Ontario. This district was not included in my investigation. A few iso- 
lated deposits occur outside of the two principal districts. One of 
these, the Liscombe, lying near Wilberforce, Ontario, was visited and is 
included in this report. 


ONTARIO 


0 100 200 Miles 


Fic. 1. Phlogopite-apatite districts in eastern Canada. The two principal districts are 
shown with diagonal lines. An isolated deposit near Wilberforce in southeastern Ontario 
is shown by the symbol 11X. 


Country rock. Throughout the phlogopite-apatite area the country 
rock is a pre-Cambrian complex referred to by Young (1926, p. 56) as 
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the Grenville-Hastings group which “consists of various types of 
gneisses of sedimentary origin, quartzites and crystalline limestone. 
These beds in most places are much metamorphosed and have been 
folded and crenulated. They have been invaded by dikes, sill-like bodies, 
and larger masses of pyroxene-bearing rocks, largely gneissic and 
ranging in composition from granite to peridotite. These are accom- 
panied also by pegmatitic phases.... This complex assemblage of 
igneous and sedimentary rocks has been penetrated by later dikes, 
stocks, and larger bodies of granitic rocks, frequently of gneissic habit.” 
Wilson (1913, p. 202) includes some of the rocks occurring in the north- 
ern phlogopite-apatite district in the Buckingham series, which range 
in composition ‘from a pyroxene granite to peridotite and pyroxenite.” 
In only one (the Dacey) of the eleven deposits which I examined in 
detail, was limestone prominent in the country rock. In most places 
the country rock was a gneiss. The general geology of the deposits in 
Ontario, south of Ottawa, is supposed to be very similar to that north 
of Ottawa, although Penrose (1888, p. 25) calls attention to the greater 
abundance of hornblende in the rocks in the southern district. 
Pyroxenite. The phlogopite and apatite invariably occur in or with a 
diopside-rich rock which is generally referred to as pyroxenite. This pyrox- 
enite occurs in dikes and irregular-shaped bodies which are definitely 
intrusive into the country rock, transgressing the structure of the gneiss 
in many cases. The largest pyroxenite body seen in the course of this 
study was about 400 yards across. However, several in this area are 
three-quarters of a mile long and one-quarter of a mile wide, and one 
is one-half mile in width, as mapped by Wilson (1913) on the Bucking- 
ham sheet. Thin sections of the pyroxenite reveal a dense interlocking 
aggregate of anhedral crystals, as in any other igneous rock. 
Accompanying the pyroxenite is microcline, mainly in pegmatite, the 
abundance and significance of which have been overlooked by most in- 
vestigators. The microcline pegmatite may or may not contain quartz, 
and where quartz is present it is subordinate in most cases. The micro- 
cline occurs in various colors, but a rather unusual lilac or mauve color 
predominates. Calcite, phlogopite, and apatite occur in veins which cut 
both the pyroxenite and microcline pegmatite. 
Later igneous activity. In several deposits the country rock, pyroxenite, 
microcline pegmatite, and calcite-phlogopite-apatite veins are cut by 


younger white microcline-quartz pegmatite veins. Later basic dikes 
also occur in the district. 
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THE PHLOGOPITE-APATITE DEPOSITS 


Eleven deposits of phlogopite- and apatite-bearing pyroxenite were 
studied. Some of these are typical of the scores of mica and phosphate 
deposits in eastern Canada, and others were studied because of excep- 
tional features. 

The territory where the deposits occur is heavily wooded and good 
exposures are to be found only where the bed rock has been uncovered 
and penetrated by mine openings. Unfortunately, most of the mining 
activity took place years ago so that the majority of the openings are 
flooded, or caved, and only the shallower cuts and the rocks thrown 
out on the dump can be examined. For detailed descriptions of the 
deposits, written when mining was more active, the reader is referred 
to the monographs by de Schmid (1912) and Spence (1920 and 1929). 

Composite description. Without exception, the phlogopite-apatite de- 
posits examined occur in or bordering pyroxenite. The latter is in the 
form of a steeply dipping dike, in most cases. It is cut by veins and ir- 
regular masses of microcline pegmatite and finer grained facies of this 
rock. Quartz is present in the feldspar rock in widely varying propor- 
tions. It has a decided bluish tinge in some deposits, and is milky 
colored in others. 

Phlogopite or apatite, or phlogopite and apatite, occur in calcite 
veins which transect microcline pegmatite and pyroxenite, and in a 
few places extend out into the country rock. These veins exceed 15 feet 
in width in some deposits. They have been classified into two types, 
“fissure” and ‘‘contact.” In the former the calcite and associated min- 
erals are found scattered through pyroxenite. In the ‘‘contact” type 
they occur on the hanging wall, foot wall, or on both walls, of the pyrox- 
enite body. The relative proportions of phlogopite, apatite, and calcite 
vary greatly from one deposit to another. In some all three are abun- 
dant; in others only two are common, with the third relatively scarce; 
and in still other deposits one mineral is predominant and the other 
two insignificant. 

Scapolite is present in many deposits, especially in the contact zone 
between microcline pegmatite and pyroxenite (Fig. 2). Actinolite may 
occur in the same environment, and also in calcite veins. Many other 
accessory minerals, which are listed and described on subsequent pages, 
are to be found in the deposits. Some of these belong to the feldspar 
phase, and others to the calcite vein stage. 

In the course of my study, cavities were observed at only one deposit, 
the Dacey. Most of these “pockets’’ were lined with crystals of diopside 
or, more rarely, with crystals of apatite or scapolite. Spence,’ who had 


2 Letter dated October 12, 1937. 
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opportunity to visit the mica and phosphate mines during exploita- 
tion, states that cavities are very common, in fact typical, and that they 
“often attain very large dimensions, and, where calcite filling has been 
leached out at the surface, may be large caves, the walls lined with diop- 
side or phlogopite crystals.” 


Fic. 2. Bladed scapolite zone in pyroxenite (dark) adjacent to microcline pegmatite 
(light). Nellie and Blanche mine. (Scale for all specimens pictured is approximately one- 
half natural size). 


Deposits examined. In order to conserve space and avoid duplication, 
detailed descriptions of the eleven deposits examined have been elimi- 
nated from this paper and a composite description substituted. The fol- 
lowing paragraphs, therefore, include only data as to location, accessi- 
bility, and type of deposit, plus a very brief description of any unusual 
features that may be present. The deposits are numbered to correspond 
with the numbers on figure 3. Deposit No. 11 is not on the map area 
covered by figure 3, but is shown on figure 1. 

1. Nellie and Blanche Mine. This mine is in lot 10, Range X, Hull 
Township. It lies a short distance east of Gatineau River and about 2 
miles southwest of Cantley Village. Ells (1899, p. 38) reports that the 
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Fic. 3. Map of Quebec mica-phosphate district, showing locations 
of deposits described in this paper. 


Nellie and Blanche was operated to a depth of 170 feet. The mine was 
last operated about 40 years ago, and the workings are now filled with 
water. 

Apatite and calcite are relatively scarce in the Nellie and Blanche, 
which was exclusively a mica mine. Scapolite is present in large crystals. 

2. Vavasour, Gemmill, or Nellis Mine. This mine is in lot 10, Range 
XII, Hull Township, about one-half mile southwest of Cantley and 10 
miles north of Ottawa. It had not been worked for some years prior to 
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1934, but as the outcrops are topographically high the shallower pits 
were not filled with water and could be entered. (Spence reports that 
this mine was reopened in 1937). 

The Vavasour Mine produced both apatite and phlogopite. These 
minerals occur in pyroxenite in discontinuous deposits along five parallel 
leads which crop out across a low hill. These leads apparently mark the 
position of fractures in the country rock which were penetrated by mag- 
matic solutions precipitating diopside, microcline, phlogopite, apatite 
and other minerals. De Schmid shows a sketch of the veins and mine 
workings (1912, p. 98). 

A few hundred yards northwest of the Vavasour Mine, in lot 11A, 
are the abandoned workings of the Lucky Reserve or Brown Mine. 
This mine lies over the edge of the bluff on the south side of Blackburn 
Creek. The mineral occurrence here is very similar to that at the Vava- 
sour Mine. 

3. McClelland or McLelland Mine. This mine occupies a knoll on 
the west side of Blackburn Creek, about 2 miles north of Cantley in the 
north half of lot 10, Range XIV, Hull Township. Exploitation was 
mainly for phosphate, and apatite is still a very abundant constituent 
of the deposit. It is reported that mining was carried to a depth of 100 
feet. Operations ceased in 1908 (de Schmid, 1912, p. 101). 

This is one of the few deposits seen in which microcline pegmatite is 
not a prominent feature in the mineralization. 

4. Dacey Mine. The Dacey Mine is about one and one-half miles 
southwest of Wilson Corners in Range XV, lot 12A, Hull Township. 
The property has been worked intermittently for many years, but was 
closed down when visited. 

The Dacey deposit is unique among those visited in that limestone is 
the country rock for a part of the deposit. 

Pink calcite is especially abundant, and is accompanied by both 
apatite and phlogopite. These minerals occur in the pyroxenite contact 
zones, and the main mass or core of the pyroxenite body is barren of 
commercial quantities of either mica or phosphate. 

5. Lake Girard Mine. The Lake Girard Mine was at one time a very 
important producer of mica, but has been idle since 1904. During mining 
activity, workings were carried down to a total depth of 210 feet. The 
mine is on the south shore of Lake Girard, near the west end, in lot 24, 
Range II, Wakefield Township, about 33 miles northeast of Wilson Cor- 
ners. 

Apatite is quite subordinate in the Lake Girard deposit. The micro- 
cline pegmatite contains bluish quartz. 
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6. Wallingford Mine. This mine is in the west half of lot 16, Range 
VIII, Templeton Township, about 14 miles west of Perkins Mills Vil- 
lage. The Wallingford was originally a phosphate mine, then became an 
important mica producer. The mica marketed was a light-silver amber, 
and it occurred in exceptionally large ‘“‘books.’’ Phlogopite from this 
mine won first prize at several international expositions. One crystal is 
reported to have yieided $33,000 worth of mica (de Schmid, 1912, p. 70). 
The mine has been worked to a depth of 200 feet. 

7. Rainville Mine. This mine lies a short distance east of the Walling- 
ford Mine and about a mile west of Perkins Mills, in the east half of lot 
15, Range VIII, Templeton Township. As is so often the case in this 
district, the mine was originally worked for phosphate and then became 
a mica mine. It is reported that mica sheets as large as 40 by 45 inches 
were produced (de Schmid, 1912, p. 68). 

8. Blackburn Mine. This is a large phosphate and mica mine which 
is still intermittently active. The main workings are in lot 10, Range XI, 
Templeton Township, 4 miles north of Perkins Mills. The largest sur- 
face opening is a pit 300 feet long, 180 feet wide, and 120 feet deep. 
Underground workings have been carried to a depth of 280 feet. A short 
distance to the northeast, in lot 9, are the North Hill workings, which 
are also a part of the Blackburn Mine. 

The Blackburn pyroxenite is honeycombed by veins, pockets, and 
chimneys of calcite containing phlogopite and apatite. Quartz, both 
blue and milky, is unusually abundant in the microcline pegmatite. 
Some of the pyroxenite has been serpentinized. 

9. King Edward Mine. This mine is situated in the northern part of 
Templeton Township, in lot 8 in the Gore Mt. It lies on the west shore of 
Rheaume Lake, between 3 and 4 miles northeast of the Blackburn 
Mine. It has not been extensively developed, the workings consisting 
only of a few shallow pits and trenches. 

Sphene is exceptionally abundant at this deposit. It occurs scattered 
through the pyroxenite in the neighborhood of the microcline pegma- 
tite body. 

10. High Rock Mine. At one time, this was the largest apatite 
mine in Quebec. The workings were on the flank and crest of a ridge 
west of Lievre River, in lots 5 to 8, Range VII, and lots 1 and 2, Range 
VIII, Township of Portland West. The summit of the ridge is about 600 
feet above the river. Operations ceased about 1892, and most of the 
workings are now inaccessible. The deposit is about 3 miles northwest 
of Notre Dame de la Salette Village. To the northwest and southeast, 
scattered along a ridge that, in general, parallels the course of Lievre 
River, are many other abandoned phosphate mines. 


\ 
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An outstanding feature at the High Rock deposit is the extraordi- 
nary development of microcline pegmatite, consisting of mauve- 
colored microcline and subordinate quartz. Along the top of the ridge, 
great masses of pegmatite are exposed in veins, lenses, and irregular 
bodies cutting both the pyroxenite and the country rock. Many of the 
microcline individuals exceed four inches in maximum dimension. One 
peculiar phase of the microcline pegmatite is “leopard rock,” composed 
of granular microcline and quartz, cut by arcuate ‘dashed line” veins 
of augite. The latter occurs in unconnected, short, prismatic, black 
crystals (Fig. 4). 


Fic. 4. Arcuate veins of augite in microcline pegmatite 
(leopard rock). High Rock deposit. 


Phlogopite is very scarce both here and in the other phosphate de- 
posits in this district. Calcite is present with the apatite, but it is not 
as abundant as it is in the various mica mines visited. 

11. Liscombe Mine. This deposit lies far outside the main mica and 
phosphate districts, about 140 miles west and a little south of Ottawa 
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Fic. 5. Open cut in Liscombe Mine. Light-colored rock in background is microcline 
rock. Streaked and spotted rock is pyroxenite, cut by veins of calcite, apatite, and phlogo- 
pite. Photograph by H. S. Spence, Canadian Department of Mines. 


in central Ontario. The location is shown in figure 1. The mine is in lot 
34, concession 15, Monmouth Township, Haliburton County, about 
one mile from Wilberforce Station. It is in a district that is very inter- 
esting from a mineralogical standpoint. The mine has been intermit- 
tently operated for phlogopite, the workings consisting of four relatively 
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shallow pits, one above the other, on the side of a hill, and a shaft 100 
feet deep that is now inaccessible. 

Typical diopside pyroxenite, containing a small amount of scapolite, 
is present, but is subordinate. The principal feature of this deposit is 
the presence in great abundance of a fine granular to sugary rock con- 
sisting of dominant microcline and subordinate quartz (Fig. 5). This 
rock grades imperceptibly into microcline pegmatite, similar to that 
found in other deposits. According to the theory developed later in this 
paper, the original acidic magma was less contaminated by dolomite at 
depth at the Liscombe deposit than were similar magmas in the districts 
north and south of Ottawa. Consequently microcline-quartz rock is 
more abundant than pyroxenite. 

The apatite at the Liscombe deposit occurs imbedded in calcite in 
beautiful transparent green euhedral crystals (Fig. 6). 


Fic. 6. Apatite crystals in calcite. Liscombe Mine. 


DESCRIPTION OF MINERALS AND PARAGENESIS 


Twenty-one primary minerals were identified in the specimens col- 
lected from the deposits described in the preceding section. Of these, 
diopside, as the sole essential constituent of the pyroxenite, is the most 
abundant. Microcline, occurring in microcline pegmatite and in finer 
grained feldspar rock, ranks second. Calcite is third. The other eighteen 
minerals, although varying greatly in relative abundance, may be con- 


sidered to be merely accessory minerals in either the feldspar rock or 
the calcite veins. 
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The minerals occurring in the mica deposits of Ontario and Quebec 
have been described in some detail by de Schmid (1912, pp. 281-301). 
In the following paragraphs the minerals observed and collected by the 
writer are described in alphabetical order. Particular attention is paid 
to the associations and relative age of each mineral. 

Actinolite. Actinolite is especially abundant at the Nellis and nearby 
Brown deposits, but it also occurs at most of the other localities visited. 
It is dark green or, more rarely, bluish green in color. A few crystals, 
up to one-half inch across, were found, but the mineral occurs mainly 
in dense fibrous masses. A few thin, cross-fibered veins were seen. The 
actinolite is light green under the microscope. Its mean index of refrac- 
tion lies between 1.62 and 1.63, and the angle between Z and c is be- 
tween 15 and 18 degrees. Some of the actinolite in the Wallingford de- 
posit has been serpentinized. 

Actinolite is most commonly associated with calcite. It occurs both in 
stubby crystals scattered through veins of coarse pink calcite and in 
contact zones. Pyroxenite bordering calcite veins may be rich in actino- 
lite, and actinolite may be abundant in small crystals scattered along 
the contact between calcite veins and microcline pegmatite. The cross- 
fibered veins noted in the preceding paragraph cut both pyroxenite and 
microcline pegmatite, but probably have their source in the calcite 
masses. 

Actinolite is not universally associated with calcite, however. It also 
occurs in small crystals scattered through microcline pegmatite, and in 
a dioritic-appearing aggregate with microcline, especially where this 
feldspar rock invades pyroxenite. The actinolite accompanying the 
microcline pegmatite and its finer grained facies is cut by calcite 
veins. 

It is obvious that the greater part of the actinolite was brought in by 
the calcite depositing solutions. However, actinolite deposition also 
accompanied the intrusion of veins and masses of microcline pegmatite. 
The actinolitization of diopside in contact zones probably took place 
during both periods of mineralization. 

Apatite. Apatite was found in all of the deposits in varying abun- 
dance. One, the High Rock, was exclusively a phosphate mine, and most 
of the other mines either started as phosphate mines and later became 
mica mines, or produced both minerals at the same time. 

Two types of apatite occur in the deposits investigated. One is the 
“crystalline”? type consisting of both anhedral and euhedral crystals of 
varying size. The other is ‘‘sugar” apatite, in which the individual an- 
hedrons are minute. At some of the deposits, especially the High Rock, 
apatite occurs in elongate nodules several inches in length. 


372 KENNETH K. LANDES 


Although most of the apatite observed is green, several other colors 
were observed, including nearly white, straw, pale brown, and blue. A 
wide variation was also observed in transparency. Some crystals, 
especially those at the Liscombe deposit, are unusually transparent. 

Apatite, like the calcite with which it is associated, is distinctly 
younger than the country rock, pyroxenite, and feldspar rock. Isolated 
crystals of apatite occur in pyroxenite, beyond the calcite vein boun- 
daries, at several localities. 

Apatite is apparently slightly later in age than phlogopite. The “‘crys- 
talline’ apatite is older than some of the calcite, as it is cut by veins 
and partially replaced by this mineral. However, the “‘sugar’’ apatite 
occurs in veins which not only cut through apatite crystals and masses 
of “crystalline” apatite (Fig. 7), but also cut calcite. In all probability, 
apatite deposition was continuous, overlapping the period of calcite 
precipitation, but toward the end of the period of mineralization the 
relatively fine-grained ‘‘sugar’’ apatite was precipitated. 


Fic. 7. “Sugar” apatite veining “crystalline” apatite. 


Barite. Small, white, tabular crystals of barite imbedded in coarse 
white calcite were found in the Blackburn deposit. De Schmid (1912, 
p. 283) records the occurrence of barite in calcite in another deposit in 
the Ontario district. Evidently the calcite depositing solutions like- 
wise introduced an insignificant amount of barite. 
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Calcite. Calcite is present in all of the deposits investigated, but varies 
greatly in abundance. Large quantities occur at the McLelland deposit, 
and the mineral was sorted out and stock piled during mica mining 
operations. At the other extreme is the High Rock deposit in which 
calcite, although present, is decidedly subordinate. 

The calcite ranges in texture from very coarse to fine. Euhedral 
crystals were found at but two localities, Lake Girard and Wallingford, 
where small vugs in coarse calcite are lined with crystals, probably 
secondary, up to one-half inch long. The calcite varies in color from 
white, through pale pink and orange, to deep salmon and brick red; 
most, however, is pink. Vein calcite may change color from pink to 
white in a few inches. Also, bands or ribbons of white calcite cut through 
pink calcite, probably due to leaching along minute joint or fracture 
planes. Pink calcite at one deposit is brick red along fractures, where 
oxidation, instead of leaching, took place. 


Fic. 8. Calcite veins cutting actinolite. 


The calcite veins cut country rock, pyroxenite, and feldspar rock, 
including scapolite and actinolite (Fig. 8). Calcite also replaces pyrox- 
enite as shown by partially calcitized zones in pyroxenite adjacent to 
large calcite masses. Specimens of pyroxenite collected at considerable 
distance from calcite bodies may effervesce with acid even though the 
calcite is too fine to be visible. 
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The most abundant minerals associated with calcite are apatite and 
phlogopite. Other minerals belonging to the same general period of 
mineralization are euhedral diopside, sphalerite, and some of the pyrite 
and actinolite. 

Although calcite, apatite, and phlogopite belong to the same general 
period of mineralization, there is some difference in their relative age. 
Much of the calcite is definitely later than the coarse apatite, cutting it 
in thin veins. However, veins of “sugar” apatite cut both ‘‘crystalline” 
apatite and calcite, so this type is apparently later. Calcite veins cut 
phlogopite, showing that calcite continued to deposit after the mica 
had formed. 

Chalcopyrite. Small crystals of chalcopyrite were found in the Black- 
burn (North Hill) deposit perched on vuggy quartz crystals. The age 
of this chalcopyrite cannot be definitely determined, but it probably 
belongs to the hydrothermal (calcite) phase. 

Feldspar. With one exception, all of the feldspar collected proved to 
be microcline. The one exception is a single specimen collected at the 
Dacey Mine which consists of crystals of albite-oligoclase lining a vug 
in a rock composed of coarse white microcline with residual diopside. 
Microcline pegmatite and finer grained facies were found at every 
deposit visited. Microcline is especially abundant at the High Rock 
deposit, and was quantitatively more important than pyroxenite at the 
Liscombe deposit. 

As previously noted, pyroxenite, microcline pegmatite, and calcite 
veins are alike cut by later thin dikes of feldspar and quartz, some of 
which are pegmatitic. All of this feldspar likewise proved to be micro- 
cline upon examination. These later dikes do not enter into the problem 
of the origin of the phlogopite-apatite deposits, so will not be considered 
further. Spence’ reports that such veins and dikes are abundant through- 
out this part of eastern Canada. 

The microcline in the phlogopite-apatite deposits varies from very 
coarse, with cleavage faces up to 4 inches across, to fine sugary inter- 
growths. Both coarse and fine-grained feldspar rock may be present in 
the same deposit, in several instances with perfect gradation between. 
One specimen of graphic granite with elongate quartz blebs surrounded 
by gray microcline was picked up at the High Rock deposit. 

A conspicuous and unusual feature of many of the coarser micro- 
cline anhedrons in the microcline pegmatite is the presence of curved 
cleavage faces. 

Almost all of the microcline observed is anhedral. One vug, which 
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was found in the gneiss adjoining the Liscombe deposit, is lined with 
half-inch euhedral crystals of pink microcline and colorless quartz. A 
specimen collected at the King Edward deposit consists of a group of 
microcline crystals 3 inches long which are etched for depths as great 
as one-half inch. 

Most of the microcline observed is either white or some shade of pink, 
such as flesh color, mauve, or lilac. Spence® suggests that the mauve 
or lilac color may be due to the presence of titanium, one of the “fugi- 
tive’”’ elements in the original magma. Less common colors are gray and 
smoky. A few specimens of glassy microcline were collected, and one 
specimen was slightly opalescent. 

Thin sections of the granular feldspar rock show it to consist of inter- 
locking anhedrons of microcline. Some of the feldspar exhibits the 
characteristic microcline twinning. However, this twinning is not always 
present, especially in crushed fragments of the coarser anhedrons, and 
identification must be based on extinction angles. 

In every deposit visited the feldspar rock invades and replaces pyrox- 
enite. It occurs both in well-defined veins and in large irregular masses, 
measuring many feet across at the High Rock deposit. At some locali- 
ties mauve-colored microcline pegmatite extends out beyond the con- 
fines of the mica-phosphate deposit and cuts biotite schist or other 
country rock. 

Quartz is a highly variable constituent of the feldspar rock. It may 
be entirely absent, but in most deposits is present to a small per cent 
and at a few places makes up over 50 per cent of the rock. Actinolite 
occurs with feldspar in some deposits, and scapolite may also be present, 
especially in pyroxenite contact zones (Fig. 2). Other minerals found in 
feldspar rock include pyrite, sphene, and zircon. Feldspar rock is cut by 
veins of coarse calcite in all of the deposits visited. 

The microcline is very definitely younger than pyroxenite, and is 
older than the calcite vein minerals. 

Fluorite. Small, glassy crystals of fluorite, both green and purple in 
color, were found in the Wallingford and Rainville deposits. With one 
exception, this fluorite is intimately intermixed with calcite and ob- 
viously belongs to the same period of mineralization. It occurs in small 
veins and masses, and in euhedral crystals. The exception is a specimen 
collected from the Wallingford deposit in which crystals of fluorite 
and colorless quartz line a vug in calcitized pyroxenite. The age of this 
fluorite is in doubt, but it also may have been introduced by the calcite 
depositing solutions. 

Hornblende. Coarse, black hornblendite, in what is apparently a later 
dike, occurs at the Nellis Mine. Hornblende was also found in the 
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Dacey and High Rock deposits as a minor accessory mineral in micro- 
cline pegmatite. 

Hydromica. Lake Girard tremolite was found to be altered to semi- 
fibrous hydromica in one specimen studied. The hydromica is white, 
with a very pale greenish cast and a pearly luster. It is biaxial negative 
with m=1.58. 

Kaolin minerals. Incipient kaolinization is present in the microcline 
lying at or near the surface. A euhedral crystal of phlogopite picked up 
at the Blackburn (North Hill) deposit was found to be completely 
altered to kaolin. Small pink nodules of pisolitic montmorillonite were 
found resting on apatite in a specimen collected at the Wallingford Mine. 
The montmorillonite is probably supergene. 

Phlogopite. Phlogopite is present at all of the localities visited, but is 
very scarce at the High Rock deposit which was exploited for phos- 
phate exclusively. 

Phlogopite occurs as crystal intergrowths and as individual “books” 
of varying size. The largest book collected was five inches in diameter 
and eight inches thick. However, during mining operations, crystals many 
times this size were uncovered. The phlogopite varies in color from pale 
amber to nearly black. Books are creased, crumpled, and even broken in 
some instances, evidence of local post-mineralization diastrophism. 

Phlogopite occurs mainly with calcite, but it may extend out into 
pyroxenite in narrow veins and isolated books. It is definitely younger 
than both the pyroxenite and the feldspar rock, but is older than some 
of the calcite, which cuts it in distinct veins. The richest “‘shoots”’ of 
phlogopite in calcite are generally found near the vein walls. 

Pyrite. Pyrite occurs mainly in isolated anhedrons, rarely in euhedral 
crystals. In some deposits it forms thin veins. The common host rock 
for pyrite is microcline pegmatite. Pyrite was found in a few places ex- 
tending out into gneissic country rock. It also occurs in etched grains 
in calcite. Some of these grains are shattered and veined with calcite. 

Most, and perhaps all, of the pyrite was formed as an accessory min- 
eral in the microcline pegmatite. It may also have been deposited by the 
solutions that precipitated calcite, apatite, and phlogopite, but the 
relationships between calcite and enclosed pyrite suggests that the lat- 
ter is residual from an earlier period of mineralization. 

Pyroxene minerals. Diopside, as the dominant constituent of pyrox- 
enite, is the most abundant mineral found in the phlogopite-apatite 
deposits. No deposits were examined in which pyroxenite was not pres- 
ent and, conversely, Spence‘ reports that in his field work in this district, 
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he has encountered only two pyroxenites which do not have phlogopite 
or apatite, or both, associated with them. Even these deposits contain 
calcite veins, scapolite, zircon and sphene crystals, and other minerals 
belonging to a later generation. 

Three types of pyroxene were found among the specimens collected. 
These are distinguishable, in some instances megascopically, and in 
every instance microscopically. The most abundant is the diopside com- 
posing pyroxenite. Least abundant is a pyroxene, near augite in composi- 
tion, occurring in microcline pegmatite at the High Rock deposit. The 
third pyroxene is a second generation of diopside, appearing in veins 
cutting pyroxenite and in euhedral crystals which occur both along 
contacts between pyroxenite and calcite veins, and in the calcite veins 
themselves. 

The pyroxenite diopside varies in color from nearly white through 
light green and dark green to nearly black. It is anhedral, and the indi- 
viduals vary considerably in size, even in the same deposit, so that some 
pyroxenites are fine, dense rocks, and others are coarse intergrowths 
with the diopside anhedrons up to one-half inch across. 

The pyroxenite diopside is so filled with inclusions that this type is 
readily identifiable under the microscope. The included material is 
mainly calcite, in excessively fine grains. The angle between Z and c is 
41 degrees, which places the pyroxene between diopside and salite, in 
the diopside-hedenbergite series. Much of the diopside has been altered, 
or partially altered, in some instances to uralite, and in other instances 
to serpentine. 

The relationship between the pyroxenite diopside and the feldspar, 
scapolite, and actinolite is of great importance in unraveling the para- 
genesis of these deposits. Microcline, abundant in the microcline pegma- 
tite and its finer grained facies, invades and replaces pyroxenite. In some 
instances, this invasion is in the form of veins with clean cut boun- 
daries, but in many places the microcline pegmatite has replaced out- 
ward from the main body so that all stages can be found between pure 
microcline pegmatite and pure pyroxenite. Large isolated masses of 
pyroxenite were observed completely surrounded by invading micro- 
cline pegmatite. Furthermore, individual partially digested grains of 
diopside occur scattered through the invading pegmatite. Scapolite and 
actinolite likewise cut the pyroxenite in veins, but in most cases occur 
in contact zones in pyroxenite, bordering veins and masses of microcline 
pegmatite. These zones are formed through replacement of diopside, 
and all stages from incipient to complete scapolitization and actinoliti- 
zation were observed among the specimens collected. 
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Coarse mauve-colored microcline pegmatite at the High Rock deposit 
contains irregularly curved “dotted” veinlets (Fig. 4) of minute stubby 
black pyroxene crystals (‘leopard rock’’). Under the microscope, this 
pyroxene has higher indices of refraction than diopside, and the angle 
between Z and c is approximately 45 degrees. It is green in crushed 
fragments and non-pleochroic, but has typical pyroxene cleavage, and 
is apparently near to augite in composition. It belongs to the microcline 
pegmatite period of mineralization, but is later than the microcline itself. 

The diopside occurring in crystals and veins breaks into clear, glassy 
green fragments where fresh, and can be readily distinguished from the 
pyroxenite diopside under the microscope by its lack of inclusions. 
Diopside of this type was collected at the Nellie and Blanche, Nellis, 
McLelland, Dacey, and Lake Girard mines. The vein diopside occurs 
in coarse, glassy anhedrons cutting pyroxenite. Euhedral diopside crys- 
stals from this region have been extensively collected, and are on dis- 
play in all of the larger museums. The crystals occur in groups with 
no discernible orientation. Some large crystals have been found, but 
those now available range from one to eight inches in length, and from 
a fraction of an inch to three inches in diameter. The dominant form 
shown is the prism, with front and side pinacoids present, but less 
prominent. Basal parting is very pronounced in some of the crystals 
collected. A few crystals are severely etched. 

The euhedral diopside typically occurs along the wall between calcite 
veins and bodies of pyroxenite. The crystals jut out from the pyrox- 
enite into the calcite and, in some instances, isolated crystals occur out 
beyond the pyroxenite, completely surrounded by calcite. Some crys- 
tal groups were found in which calcite and other minerals of the same 
generation completely fill the spaces between the diopside crystals. In 
other specimens, some of this calcite has been removed and the balance 
severely etched, and still other groups were found in which no calcite 
was present. The evidence is quite clear that, where diopside crystals 
line cavity walls, these cavities were at one time filled with calcite and 
associated minerals, the former having subsequently been leached away. 

The conclusion is that three generations of pyroxene are present in 
the deposits examined. The oldest is the diopside making up the pyrox- 
enite. This diopside is the oldest mineral in the deposits, as it is cut and 
replaced by all of the other minerals. At one mine only, the High Rock, a 
pyroxene near to augite in optical properties occurs in “leopard rock,” 
and is assumed to have formed during the time of intrusion of the micro- 
cline pegmatite. The third generation of pyroxene is the diopside which 
occurs in veins cutting pyroxenite, and in euhedral crystals in and 
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bordering the calcite. This diopside unmistakably belongs to the calcite 
period of mineralization. 

Quartz. Quartz is relatively scarce in most of the deposits studied. It 
occurs, as does feldspar, both in the phlogopite-apatite deposits and in 
later veins. In the latter case, the quartz may be by itself, or it may be 
intermixed with microcline. 

Most of the quartz in the mica-apatite deposits is anhedral, although 
a few quartz-lined vugs were found. A three-inch fragment of a vug col- 
lected from the Rainville deposit is lined with crystals of pale amethys- 
tine quartz up to three-eighths of an inch long. At the Wallingford 
Mine, small colorless quartz crystals were observed nesting, with mont- 
morillonite, on apatite. Three small vugs found in dense pink calcite 
from the North Hill shaft of the Blackburn Mine are lined with half- 
inch crystals of colorless quartz. Very minute quartz crystals perched 
on half-inch crystals of microcline in a vug in gneissic country rock were 
observed at the Liscombe deposit. In all probability these euhedral 
quartz crystals belong to a period of mineralization later than that 
which produced the mica-phosphate deposits. 

Most of the quartz in the feldspar rock is milky, but in a few locali- 
ties, especially at the Blackburn (including North Hill) deposit, it has 
a decided bluish tinge. The quartz in the microcline pegmatite may be 
insignificant in amount, and except where blue, practically indistin- 
guishable to the naked eye in finer-grained facies of the rock. 

Quartz obviously belongs to the same mineralization period as feld- 
spar. However, in some of the deposits at least, it completed its crystal- 
lization after the feldspar, as shown by its tendency to align in veins. 
Examples of this are the graphic granite found at the High Rock de- 
posit, and a microcline specimen crossed by paper-thin, roughly parallel 
quartz veins which was collected at the Liscombe Mine. 

Scapolite. Scapolite is one of the commoner minerals in the Quebec 
deposits. It was found at almost every deposit examined, and was espe- 
cially abundant at the Nellie and Blanche and Dacey Mines. A few speci- 
mens collected are white, but most are yellowish and a few are green. 
Glassy blue scapolite was found at the King Edward Mine. At the Nellie 
and Blanche, the scapolite is exceptionally coarse, fragments eight inches 
in length being not uncommon. It is typically bladed. Microscopic ex- 
amination showed the Nellie and Blanche scapolite to be mizzonite with 
w=1.574+.003 and e=1.550+.003. Some of the scapolite in the Walling- 
ford deposit has altered to lilac wilsonite. 

The characteristic location for scapolite is in the contact zone between 
microcline pegmatite and pyroxenite. In many instances, the scapolite 
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blades are roughly normal to the contact between these two rocks (Fig. 
2). Scapolite also occurs in narrow veins cutting pyroxenite. At the 
Nellis Mine, parallel veins of white scapolite cutting pyroxenite produce 
“Zebra rock.’’ At a few localities scapolite occurs in dense intergrowths 
with microcline in a relatively fine-grained phase of microcline pegmatite. 
An exceptional occurrence is at the Dacey deposit where small crystals 
of white scapolite and diopside line a vug. 

Scapolite is cut by veins of phlogopite, calcite, apatite, and other 
minerals belonging to later phases of mineralization. 

It is evident that scapolite was formed at the same time as the feld- 
spar rock. The depositing solutions travelled out beyond the microcline 
pegmatite veins into pyroxenite, so that scapolite replaces diopside 
in contact zones. Reaction between the feldspar-depositing solutions 
and diopside probably caused the formation of this scapolite. The single 
occurrence noted at the Dacey deposit, where scapolite crystals belong 
to the same generation as euhedral crystals of diopside, is decidedly 
exceptional. It is possible that the calcite depositing solutions intro- 
duced a second generation of scapolite, but on a relatively insignificant 
scale. 

Serpentine. The pyroxenite in several] deposits is partially serpentin- 
ized. The serpentine varies in color from light green or brown to nearly 
black. It ordinarily occurs in veins and masses cutting pyroxenite and, 
more rarely, microcline pegmatite. At the Wallingford deposit actinolite 
has been serpentinized. A vein of serpentine at the Blackburn deposit is 
in turn cut by a quarter-inch vein of light-green glassy diopside, which 
apparently belongs to a second generation of pyroxene mineralization. 

The serpentinization is obviously post-feldspar in age. It may have 
been accomplished by solutions accompanying the calcite mineraliza- 
tion. 

Sphalerite. A single specimen of sphalerite was found at the Dacey 
Mine. Yellow resinous sphalerite was observed in a lens about one inch 
long surrounded by coarse white and pale pink calcite. De Schmid 
(1912, p. 298) reports sphalerite from one other locality in the Quebec 
district. The sphalerite in the Dacey deposit apparently belongs to the 
calcite period of mineralization. 

Sphene. Tabular dark-brown crystals of sphene up to 2 inches in 
maximum dimension are very abundant in some of the deposits exam- 
ined. In almost every instance, the sphene crystals are disseminated 
through microcline rock, so sphene must belong to the same period of 
mineralization as the feldspar. Where unusually abundant in a matrix 
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of microcline grains, ‘‘zebra rock” is produced. Sphene rarely extends 
beyond feldspar rock into pyroxenite. It is replaced and cut by veins of 
“sugar” apatite in the vicinity of calcite veins. 

Tourmaline. At three mines, the Nellis, Dacey, and Nellie and 
Blanche, crystals of black tourmaline occur in calcite veins with phlogo- 
pite. Similar crystals were found in microcline pegmatite at the Black- 
burn Mine. At the Lake Girard deposit, crystals of brown tourmaline 
occur in pyroxenite. 

The black tourmaline occurring in calcite veins is of approximately the 
same age as the calcite. The tourmaline in microcline pegmatite and 
pyroxenite may have been introduced by the calcite-depositing solu- 
tions, or may belong to an earlier period of mineralization. 

Tremolite. Tremolite occurs in the Lake Girard deposit in two differ- 
ent associations. A gray, near-fibrous form is abundant in microcline- 
blue quartz pegmatite. The other occurrence, much less common, is in 
light-green and glassy blades in “‘knots’’ in dense pale-green pyroxenite. 
The latter tremolite appears to have been formed through the alteration 
of diopside. 

Wilsonite. One mineral specimen collected at the Wallingford Mine 
has a beautiful lilac color. It proved to be scapolite altered in part to 
wilsonite (pinite). Other occurrences of wilsonite have been noted by de 
Schmid (1912, p. 300). 

Zircon. Zircon was found in the High Rock deposit. It occurs in 
small, glassy, hyacinth-colored crystals as a minor accessory mineral 
in microcline pegmatite. 

Conclusions in regard to paragenesis. The first mineral to form was the 
diopside that makes up pyroxenite. After the pyroxenite had crystal- 
lized, microcline was deposited in veins and large irregular masses. 
Accessory minerals accompanying the microcline include quartz, scapo- 
lite, sphene, pyrite, actinolite, tremolite, zircon, and hornblende. The 
crystallization of the feldspar rock was followed by the formation of veins 
of calcite. Phlogopite, apatite, actinolite, euhedral diopside, tourmaline, 
fluorite, barite, chalcopyrite, and sphalerite were precipitated with 
calcite during this phase of mineralization. Subsequently, unrelated dikes 
containing microcline and quartz were intruded into the country rock 
(and mica-phosphate deposits, where present). Supergene activity has 
caused the formation of a few secondary minerals in the phlogopite- 
apatite deposits. 

The sequence of mineralization is shown graphically on the accom- 
panying chart (Fig. 9). 
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Fic. 9. Chart showing sequence of mineralization in 
the phlogopite-apatite deposits. 


GENESIS OF THE PHLOGOPITE-APATITE DEPOSITS 


The observations recorded in the preceding pages were made for the 
purpose of determining, if possible, the genetic history of the mica-phos- 
phate deposits, which has been a matter of controversy for many years. 
In the following paragraphs a brief statement first will be given of the 
views previously held. This will be followed by a review of pertinent 
factual data with which any acceptable theory of origin must be in 
accord, and the discussion will be concluded with the presentation of a 
partially new theory advanced in an attempt to satisfactorily explain 
the origin of the phlogopite-apatite deposits of eastern Canada. 

Views previously held. The evolution of ideas in regard to the origin 
of the mica-phosphate deposits has been given in detail elsewhere and 
repetition here is unnecessary. A complete digest of early opinions was 
published by Ells (1888). Twenty-four years later, de Schmid (1912, 
pp. 260-272) reviewed the theories of genesis that had been propounded 
up to that time. An extensive bibliography is also included in his report. 
As most of the papers written on this subject were published during the 
closing decades of the nineteenth century, the reviews by Ells and de 
Schmid are fairly complete. Subsequently, Spence (1920 and 1929) 
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published bulletins on ‘‘Phosphate” and “Mica” which contain briefer, 
but more up-to-date, historical reviews. 

Writers on the origin of the Canadian mica and phosphate deposits 
include Baker (1916), Bell (1885), Cirkel (1905), Corkill (1904), David- 
son (1893), de Schmid (1912), Ells (1889, 1893, 1894, 1904a and 1904b), 
Harrington (1878), Osann (1902), Penrose (1888), Spence (1920, 1929 
and 1930), Spence and Carnochan (1930), Torrence (1885), and Wilson 
(1913, 1914, 1915, and 1924). The theories and beliefs of these men may 
be found in the reviews previously cited or in their original articles 
listed in the bibliography at the end of this paper. 

At the present time, two distinct genetic theories are held by investi- 
gators in this field. The one that is perhaps the more widely adopted is 
that the pyroxenites and contained minerals are contact metamorphic 
deposits due to alteration im situ, or practically so, of lenses of Grenville 
limestone in the pre-Cambrian complex. The leading champion of this 
theory is Wilson (1915, pp. 159 and 161), and his views can best be 
expressed by quoting his own words: 


PYROXENITE. From a study of the character and relationships of the pyroxenite in 
the field, it seems evident that this rock is a secondary type formed from the limestone of 
the Grenville series by the action of pegmatitic solutions derived from the intrusives of the 
Buckingham series. Throughout the Buckingham area, the rocks of the Grenville series 
have been intimately intruded by pegmatite and other rocks belonging to the Bucking- 
ham series, so that the pyroxenite, while not generally occurring at the contact of the 
crystalline limestone and the intrusive, nevertheless occurs in a contact zone where the 
limestone has been subjected to attack by solutions emanating from the intrusive. The 
pyroxenite can, therefore, be best described according to its genesis as a pegmatitic 
contact zone deposit. 

MICA-APATITE. The mica and apatite found in the Buckingham district are gener- 
ally associated with one another in the same deposit and have apparently originated in the 
same way and on this account can best be described together. Both minerals are evidently 
genetically related to the pyroxenite, since they either occur in the pyroxenite or in the 
rocks of the Grenville and Buckingham series near their contact with the pyroxenite. 

With regard to the origin of these mineral occurrences, it has already been stated, in the 
section in which the pyroxenite was described, that it was believed they are a special type 
of contact metamorphic deposit, having been formed by the action of pegmatitic solutions 
emanating from the intrusives of the Buckingham series. Accompanying and following 
the formation of the pyroxenite there was developed a great variety of other lime-silicate 
minerals some of which crystallized out, partly as single crystals, partly in aggregates, and 
partly in veins, and in this way the deposits of mica and apatite were apparently de- 
veloped. 


The other theory, which has been championed by Spence in recent 
years, is that the pyroxenite is a basic igneous intrusion, and that the 
phlogopite and apatite are formed through pegmatitic emanations 
from the pyroxenite magma. The following is quoted from Spence 
(1929, pp. 40 and 41): 
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Various characteristics of the pyroxenites and mica-apatite bodies lend considerable 
support to the view that they are of igneous origin, and are basic intrusives, akin to pegma- 
tites. Chief of these is the fact that the pyroxenite exhibits sharp, frozen contacts with the 
enclosing gneiss or limestone. The writer has observed no instance of a gradual transition 
of mica-bearing pyroxenite to country rock, as might be expected if the pyroxenite were a 
product of metamorphism. The fact that the usual constituent minerals of the pyroxenites 
—augite, hornblende, scapolite, apatite, sphene, pyrite, and pyrrhotite—are all typical 
of high temperature rocks, and that the four first-named, with their associated phlogopite, 
frequently occur in the form of “giant” crystals so typical of pegmatites, lends support to 
the view that the parent rock is of igneous origin and represents a basic counterpart to 
normal granite pegmatite. The often drusy character of the pyroxenites, also, is common 
to many igneous rocks, and is especially characteristic of pegmatites. 


A year later Spence and Carnochan (1930, p. 10) described the uran- 
inite-bearing syenite pegmatites of the Wilberforce, Ontario, district 
and compared them with the mica- and phosphate-bearing pyroxenites 
of the Ottawa district. Their conclusions follow: 


The close structural similarity exhibited by these two rock types, and the fact that both 
often carry crystals of apatite and mica in a calcite filling of pockety cavities, provides 
strong evidence that the pyroxenites are of igneous, intrusive origin, rather than meta- 
morphosed sediments as has often been believed. 


It will be seen subsequently that some ideas from both of these the- 
ories have been incorporated in the theory suggested in this paper. 

Pertinent factual data. In the years that the mica-phosphate deposits 
of eastern Canada have been investigated, a number of observations 
have been made which bear upon their genetic history. The present in- 
vestigation has added a few more. The observations that are pertinent 
to the history of mineralization and the origin of the solutions from 
which the minerals crystallized are listed in the following paragraphs. 
Any acceptable theory of mineral origin must be in accord with these 
field and laboratory observations. 

1. Sequence of mineralization. In the preceding pages, evidence is 
presented to show that all of the minerals occurring in the phlogopite- 
apatite deposits (exclusive of the supergene minerals) belong in one of 
three groups: the pyroxenite group, the microcline-pegmatite group, 
and the calcite group. It is believed that the third group is a separate 
phase. 

2. Replacement of earlier minerals by later. Close examination of the 
specimens has shown that replacement was a very important process 
during the mineralization of the mica-phosphate deposits. Diopside 
has been replaced by actinolite, scapolite, and microcline; calcite has 


replaced all of the earlier minerals; and many other replacements have 
taken place. 
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3. Vein character of minerals belonging to calcite stage. These 
minerals transgress the pyroxenite and feldspar rock in veins and ir- 
regular masses. They appear to be hydrothermal deposits. 

4. Openings in the deposits. The presence of cavities in these de- 
posits suggests the existence of a hydrothermal phase which caused the 
dissolution and removal of some of the earlier minerals. It is believed 
that the euhedral diopside crystals grew outward into solution cavities 
which were subsequently filled with hydrothermal calcite. 

5. Cross-cutting relationship of pyroxenite to country rock. In some 
cases the pyroxenite conforms to the regional strike and dip of the pre- 
existing metamorphic rocks, but in other instances it is decidedly trans- 
gressive. In the latter case, at least, the pyroxenite could not have been 
formed by the complete metamorphism of limestone in situ. 

6. Some of the minerals are characteristic of contact metamorphism 
of magnesian limestone. Such minerals as diopside, scapolite, and 
phlogopite are formed, in most instances, where interaction has taken 
place between siliceous solutions emanating from a magma and dolo- 
mitic country rock. 

7. Magnesian limestone is scarce in the immediate vicinity of the 
majority of mica-phosphate deposits. In reply to this observation the 
proponents of the contact metamorphic theory state that such lime- 
stones were originally present, but have been completely pyroxenized. 
However, in the one deposit (Dacey) studied during the present investi- 
gation where limestone occurs in the country rock adjacent to pyrox- 
enite, this limestone is not greatly metamorphosed. Evidently, the 
magma from which the pyroxenite and associated minerals crystallized 
was relatively cool by the time this point was reached or the metamor- 
phism of the limestone would have been more intense. 

8. The abundance of microcline pegmatite and finer grained feldspar 
rock. The existence of so much microcline necessitates postulating a 
source magma with a high content of potash. No rocks are known to me 
which consist dominantly of pyroxene and potash feldspar. The nearest 
approach is an intermediate rock, shonkinite, which contains as es- 
sential constituents potash feldspar, augite, and plagioclase feldspar, in 
the order named. Therefore, it is difficult to conceive of a primary pyrox- 
enite magma from which potash feldspar only would precipitate in any 
great abundance. 

The prevalence of the microcline rock has been largely overlooked by 
previous investigators. 

Suggested theory. The microcline pegmatite is believed to be the key 
to the origin of the phlogopite-apatite deposits. The suggested steps in 
the formation of these deposits follow. 
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1. The crystallization of a deep-seated, phosphorus-rich granite 
magma. The original magma must have been rich in phosphorus to 
account for the relatively large volume of apatite. In this respect, the 
deposits of eastern Canada are different from those of Madagascar 
(Savornin, 1934) where phlogopite also occurs in pyroxenite, but is not 
accompanied by abundant apatite. 

2. The escape of aqueous pegmatite magma rich in silica, alumina, 
potassium, phosphorus, water, and minor “fugitives” such as zirconium 
and titanium. 

3. The addition of calcium, magnesium, and carbon dioxide to the 
pegmatite magma, through contamination by dolomitic limestone en- 
countered during the upward movement of this magma. The contamini- 
nation no doubt took place at a level far below that of the present sur- 
face, where temperatures were high and the reaction between magma 
and carbonate country rock great. The temperatures which prevailed 
at the level now exposed by erosion in eastern Canada were relatively 
low, as shown by the insignificant amount of contact metamorphism of 
country rock (including limestone) adjacent to both the phlogopite- 
apatite deposits and the pegmatites in this district. 

Reactions between granite or granite pegmatite magmas and lime- 
stone or dolomite country rock, producing diopside, phlogopite, sphene, 
and other minerals, have been postulated by various investigators, in- 
cluding Eskola (1922), Kinosaki (1932), Shaub (1929), and Watson 
(1929). The theory advanced here, however, involves reaction on a 
much greater scale, producing a mixed magma. Fersman (1931) refers 
to a ‘‘migmatic line” of pegmatite in which a pronounced interaction 
takes place between country rock and residual solutions, producing 
new equilibria and mineral associations. 

4. Intrusion of the contaminated pegmatite magma into the crust at 
levels now exposed by denudation. It is probable that the present levels 
lie near the top of the intrustions. 

5. Crystallization of the mixed (contaminated pegmatite) magma. 
The first to crystallize was diopside, and it practically completed 
crystallization before the next mineral, microcline, began to form. The 
precipitation of diopside used up some of the calcium and magnesium 
in the mixed magma, and also a considerable quantity of silica. The 
latter was abundant in the original magma, but its percentage had been 
lowered through contamination, and the crystallization of diopside 
brought about further desilication. This process did not go far enough 
to produce feldspathoids during subsequent mineralization, but the 
desilication was sufficient to cause a notable decrease in the amount of 
quartz present in the microcline pegmatite. 
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The crystallization of diopside was followed by precipitation from 
fluid residual magma of veins and masses of microcline pegmatite. Finer 
grained phases of feldspar rock resulted where cooling was rapid. My 
best guess as to why some of the calcium did not unite with the silica 
and alumina to make lime feldspar is that there was an excess of potash 
available, which had greater affinity for the alumina and silica than 
the calcium. Also, the absence of a potash-lime isomorphous series in the 
feldspar group prevented the formation of a feldspar containing both 
oxides. 

Accompanying the microcline were quartz (where diopside crystalliza- 
tion did not rob the magma of all its excess silica), scapolite, sphene, 
pyrite, actinolite, tremolite, zircon, and hornblende in widely varying 
abundance. The diopside was especially susceptible to replacement by 
actinolite and scapolite. 

The microcline pegmatite bodies appear to be similar to the “off- 
shoot dikes” or “dissogénites’” of Savornin (1934), LaCroix (1922, p. 
373-375), and others who describe the phlogopite deposits of Madagas- 
care 

The crystallization of feldspar and associated minerals completed 
the magmatic (mass crystallization) phase. Water, phosphorus, carbon 
dioxide (added by contamination), some of the potash, much of the 
calcium and magnesium (likewise mainly added during contamination), 
and other substances did not enter into the minerals formed during this 
phase. They became fugitive material, forming highly attenuated mag- 
matic solutions which introduced a hydrothermal phase. These solu- 
tions travelled through the deposits dissolving older minerals and de- 
positing new minerals in veins and cavities. The most abundant mineral 
deposited during this period was calcite. Common associates were 
phlogopite and apatite. Accessories include second generations of 
actinolite and diopside, and tourmaline, fluorite, barite, chalcopyrite, 
and sphalerite. 

The hydrothermal phase ended the hypogene mineralization of the 
mica-phosphate deposits. 

The differences between this theory and that of Spence are not great, 
and are based to a considerable extent upon differences in nomencla- 
ture. Spence considers the mica-phosphate deposits to be pegmatitic 
segregations from a pyroxenite magma. I consider the magma to have 
been originally granite pegmatite, made partially basic by contamina- 


5 My attention was called to this similarity through correspondence with H. S. Spence, 
who also sent me specimens of ‘“‘dissogénites” from several localities beside those visited 
by me. 
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tion with dolomite. In either case the deposits themselves are considered 
to be pegmatitic off-shoots from the same magma that produced the 
pyroxenite. 

In an earlier paper, Spence (1920, p. 122) was in close accord with 
my present views: 
The origin of the mica-apatite-calcite bodies is probably to be attributed to the agency 
of later pegmatitic phases of this granite and of the aqueous solutions accompanying the 
pegmatites. These solutions were charged with phosphoric acid, and the apatite is, there- 
fore, to be considered of igneous origin, rather than to have been derived from the original 
limestones. The calcite probably represents calcium carbonate dissolved from the lime- 
stones by heated waters, and redeposited in cavities in the pyroxenites, while the mica is of 
contact-metamorphic origin. 


SUMMARY OF CONCLUSIONS 


The theory of contact metamorphism that has been advanced to 
explain the origin of the phlogopite-apatite deposits of eastern Canada 
is untenable because of the cross-cutting relationship of the pyroxenite 
to the country rock. Furthermore, the calcite in these deposits is hydro- 
thermal in origin and not residual, and, in the exceptional cases where 
limestone does border pyroxenite, the contact metamorphic effects are 
slight, due to the relatively low temperature of the intrusive magma at 
that level. The “‘basic intrusive” theory needs modification in order to 
account for the high potash content of these rocks. 

The theory advanced in this paper as best fitting the observations 
made in the field and laboratory is that a granite pegmatite magma, 
unusually rich in phosphorus, became contaminated with dolomite or 
dolomitic limestone at much deeper levels than the present surface, 
where the temperatures were considerably higher. This contaminated 
magma moved upward into the rock now exposed, and crystallized. 
Diopside (pyroxenite) was the earliest product, followed by microcline 
and several associated minerals. Finally, aqueous solutions from the 
deeper crystallizing magma introduced a hydrothermal phase in the 
already solidified parts of the pegmatite, during which calcite, apatite, 
phlogopite, and many other minerals were deposited. 
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ON THE NATURE OF TWINNING IN POTASSIUM 
AND RUBIDIUM DITHIONATES 


W. H. Barnes AND A. V. WENDLING, 
McGill University, Montreal, Canada. 


INTRODUCTION 


As mentioned in a previous communication,! a paper by Hagg? on 
the structure of potassium and rubidium dithionates (trigonal trapezo- 
hedral class, space group D;? )is of particular interest because it is prob- 
able that his crystal of rubidium dithionate was twinned. In connection 
with the Laue diagrams which he obtained from the two dithionates, 
Hagg’ says “‘Beziiglich der Symmetrie der Lauephotogramme ist es 
bemerkenswert, dass waihrend die Photogramme von K2S20, die Laue- 
symmetrie D3 deutlich zeigen, die Photogramme von Rb2S20, beinahe 
die Lauesymmetrie Dg, besitzen.’’ Regarding photographs taken with 
the beam along the ¢ and a axes, respectively, of crystals of K2S20, and 
of Rb2S2O0¢, “dort sieht man wie bei Rb2S2O, eine Symmetrie niedriger 
als De, nur im Photogramme entlang der zweizahligen Achse, aber 
nicht mehr im Photogramme entlang der trigonalen Achse wahrgenom- 
men werden kann.’’ Furthermore, a detailed examination of Higg’s 
Fig. 1d (beam along an a-diad-axis) shows that the lower (D3) symmetry 
is exhibited only if the relative intensities of equivalent spots are con- 
sidered. From the point of view of geometrical position only, the sym- 
metry appears to be that of Dg" (cf. Fig. 1D of our previous note).! 

Hiagg was aware of the possibility of twin formation because he states 
that, ““Die Lésungen wurden bei 85° abgedampft um die Zwill ngsbildung 
zu vermeiden, die nach Fock unterhalb etwa 70° sehr ausgepragt wird.” 
Fock’ apparently was able to obtain trigonal specimens by evaporation 
between 70°C. and 80°C. whereas at lower temperatures only hexagonal 
crystals were observed. It may be mentioned that Wyrouboff,4 who 
cites Fock’s work, claims to have been unable to obtain trigonal crystals. 

Hagg? suggests two alternative explanations for his observations that, 
although crystals of K2S20.5 clearly show the Laue symmetry of D;‘, 
the Laue symmetry of RbeS2Oz is “nearly” that of Ds". According to 
Hagg, ‘“‘Entweder besitzt in beiden Salzen das Metallatomgitter die 
Lauesymmetrie Ds, die dann zu tiberwiegen beginnt wenn die Metal- 
latome schwerer werden, oder der Ubergang von Kalium- zu Rubi- 

1 Barnes, W. H., and Wendling, A. V., Am. Mineral., vol. 20, pp. 253-259, 1935. 

2 Hagg, G., Zeits. Krist., vol. 83, pp. 265-273, 1932. 


3 Fock, A., Zeits. Krist., vol. 6, p. 161, 1881. 
4 Wyrouboff, M. G., Ann. Chim. Phys., (6), vol. 8, pp. 340-417, 1886. 
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diumatomen ist von einer Parameterdinderung begleitet, die eine An- 
naherung an héhere Symmetrie verursacht.”’ 

Experience in this laboratory has been that the tendency to twin 
formation at ordinary temperatures is very much more pronounced in 
rubidium dithionate than it is in the potassium salt. During the deter- 
mination of the space group of K2S20., Helwig® encountered no crystals 
of that salt possessing pseudohexagonal Laue symmetry. However all 
crystals examined by Hankel and Lindenberg® in connection with studies 
of pyro- and piezoelectricity were Dauphiné law twins, although in 
some the twinned part was relatively small. 

In preparing crystals of rubidium dithionate for a structure investi- 
gation to be described in due course, evaporation was allowed to proceed 
always at room temperature. Although most of the specimens showed 
pseudo-hexagonal Laue symmetry, a few were obtained clearly showing 
the Laue symmetry of D3’, both with respect to the relative intensities 
of equivalent spots on the photographs and to their geometrical ar- 
rangement around the spot due to the undiffracted beam. The propor- 
tion of such trigonal crystals as compared with those giving pseudo- 
hexagonal photographs, similar to Hagg’s reproductions, appeared to 
increase with the number of recrystallizations. Attempts to prepare 
twinned crystals of K2S2O¢, on the other hand, led to the identification 
of only one specimen showing pseudo-hexagonal Laue symmetry. 

This experience tends to invalidate Higg’s tacit assumption that his 
crystal of Rb2S2O. was not twinned because it was grown at a certain 
température. 


LAUE DIAGRAMS 


Laue photographs were taken of trigonal and of pseudo-hexagonal 
crystals of K2S2O. and of Rb2S2O0. with the beam along a, b and ¢ axes, 
respectively, in each case. Simple visual inspection showed that the 
Laue symmetry exhibited by the trigonal crystals of both salts was 
D3* while that of the pseudo-hexagonal specimens was D," if geometrical 
positions and not relative intensities of apparently equivalent spots were 
examined.’ This conclusion was confirmed by gnomonic projection 
analyses, the results of which are summarized in Table 1. In this table, 
p represents the number of planes and f the number of forms involved; 
P signifies spots present on photographs of the twins but absent from 
those of the single crystals; S and W indicate spots present on photo- 
graphs of corresponding twins and single crystals, but of stronger in- 


° Helwig, G. V., Ph.D. Thesis (Physics), McGill University, Sept. 1931. 
° Hankel, W.G., and Lindenberg, H., Abh. math-phys. Klasse, séchs. Akad. Wiss. Leip- 
21g, vol. 18, p. 361, 1892; vol. 21, p. 11, 1894; Zeits. Krist., vol. 27, p. 515, 1897. 
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tensity (S) and weaker intensity (W), respectively, on those of the 
twins. Spots of equal intensities on corresponding photographs of twins 
and single crystals, respectively, need not be considered. Only those 
planes with respect to which no doubt existed are included in the 
data of Table 1. The smaller number of planes recorded for RbeS.Oz is 
due primarily to experimental conditions. An interesting feature of the 
detailed results is that very few planes of the same indices are involved 
in corresponding data for K2S2O. and Rb2S2Ox. 


TABLE 1 
K2S.0s Rb2S20¢ 

p 66 11 
Kf 13 3 
p 12 8 
POT : 6 4 
eM 14 23 
f 8 12 
{ p 67 33 
Sf 20 4 

p 38 
Sloat f 24 3 
rE b 30 37 
f 18 19 
| p 23 30 
sb i 12 7 
p 7 20 
W a f 7 8 
| ,{? 46 17 
f 30 8 


The spots on the Laue diagrams added by twinning are such as to 
make the ac and ab planes appear as planes of pseudo-symmetry. The 
bc plane appears as a plane of symmetry in the Laue diagrams of the 
single crystals (Laue symmetry, D3*) and in those of the twins. The 
twinned crystals may, therefore, be considered as derived from the single 
specimens by a simple rotation of 60° (or 180°) about the c axis. ; 

The posssibility of twinning due to rotary-inversion (or the intro- 
duction of a centre of symmetry) is eliminated since in such a case the 
Laue diagrams of the twins would be indistinguishable from those of 
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the single crystals. This follows from the fact that a plane (HK.L) 
becomes (HK.L) by a simple rotation of 180°, and finally (HK.L) by a 
subsequent inversion. Due to the operation of Friedel’s law, (HK.L) 
and (HK.L) cannot be identified separately by x-ray methods of analy- 
sis. The introduction of a centre of symmetry is equivalent to the so- 
called Brazilian twinning law in which ac (or bc) becomes the twinning 
plane, when 0 (or a) is the diad axis. 

Beyond the elimination of twinning due to a rotary-inversion 
(equivalent to the Brazilian law), the Laue method alone is powerless 
as is evident from the following argument. 


LIMITATIONS OF THE LAUE METHOD 


The most common types of twinning found in crystals of the tri- 
gonal trapezohedral class are represented in Fig. 1, where the stereo- 
graphic projections of right- and left-handed crystals are designated R 
and L, respectively. RR and LL represent corresponding projections for 
complete penetration twins of two right- and two left-handed crystals, 


STEREOGRAPHIC PROJECTIONS LAUE SYMMETRY 


Vic. 1, Stereographic projections of possible twins in D3. 
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respectively (Dauphiné law), and RL that for one right- and one left- 
handed crystal related to each other by reflection across the basal 
plane. The projection of the Brazilian type in which reflection occurs 
across the ac or bc planes, is not shown separately but is identical with 
that designated D3? in Fig. 1. Finally, RRLL represents the stereographic 
projection of complete hexagonal holohedral twinning and may be con- 
sidered as due to a combination of two right- and two left-handed indi- 
viduals, of RR and LL, or of two RL twins, respectively. The projections 
of RR and LL have the symmetry of Dg, that of RL has the symmetry of 
D3" while that of RRLL has the symmetry of Dg". 

But, since the x-ray method automatically introduces a centre of 
symmetry, it is clear that, insofar as Laue symmetry is concerned, 
R=L=D;‘, and RR=LL=RL=RRLL=D,"*, the diagram of the latter 
class being derived from that of the former by a rotation of 60° (or 
180°) and superposition on the original. The x-ray method alone, there- 
fore, is unable to distinguish the four types of twinning represented in 
Fig. 1 one from another but does permit their differentiation from the 
Brazilian law. Furthermore, although there is no difference among the 
Laue diagrams of corresponding right and left crystals and a Brazilian 
twin, the last exhibits no or at least much reduced optical activity com- 
pared with the specific rotation of the single crystals. 

Of the other four possible types of twinning, it is evident that meas- 
urements of optical activity may also be employed in their case to sup- 
plement the x-ray data and thus limit the possible types in any specific 
case. Thus for RR (and LL) the specific rotation will be the same as in 
R (and L), whereas for RL and RRLL the specific rotation will be less, 
and may be zero, depending on the relative proportions of the R and L 
constituents. 


OPTICAL EXAMINATION 


It has already been mentioned that only one pseudo-hexagonal speci- 
men of K.S20, has been found in this laboratory. Unfortunately it had 
been subjected to prolonged x-ray examination before the desirability 
of optical measurements was realized. Crystals of K2S2O. and of Rb2S20¢ 
turn pink and then purple after extended exposure to x-radiation. In 
the case of the pseudo-hexagonal specimen of K»2S.O, a pronounced 
purple tint was observed. Marked dichroism was manifested, the ordi- 
nary ray appearing colourless while the extraordinary ray was violet. 
Furthermore, this crystal possessed but one basal plane face and was too 
small to permit cutting the other. Finally, tabular fluid inclusions paral- 
lel to the basal plane were present. Under these circumstances, there- 
fore, a study of the optical activity of this crystal could not be made. 
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According to Fock,’ and Hankel and Lindenberg,’ however, twins of 
K.S20, are of the RR (or LL), i.e., Dauphiné law, type. 

As will be mentioned in a forthcoming paper on the structure of 
Rb2S20s, no optical activity could be detected in a pseudo-hexagonal 
crystal of Rb2S»O. whereas a trigonal crystal showed a specific rotation 
of about 2° per mm. Since the twin showed pseudo-De” Laue symmetry 
(thus eliminating the Brazilian law), it follows that twinning in Rb2S2O¢ 
probably is of the RL or RRLL type. This conclusion receives some in- 
direct confirmation from the fact that Topsée and Christiansen’ ob- 
served no optical activity in crystals of RbeS2Os whereas Wyrouboff* 
reports very slight activity. It may be inferred, therefore, that these 
investigators examined twinned crystals composed of different relative 
proportions of R and L individuals. 


DISCUSSION 


Although limitations of the Laue method prohibit identification of 
Brazilian twins from single individuals on the one hand, and distinction 
among the types of twinning designated RR, LL, RL, and RRLL in 
Fig. 1 on the other, there are occasions when a crystal suitable for Laue 
photographs but unsuitable for complete crystallographic examination 
will permit measurements of optical activity. On the basis of Laue 
photographs alone, Brazilian twins can be distinguished immediately 
from those due to the other types under discussion. Measurements of 
optical activity then enable a Brazilian twin to be distinguished from 
the single (right- or left-handed) individual. Of the other four types of 
twinning considered, a distinction can be made on the basis of optical 
activity measurements between RR (and LL) on the one hand, and RL 
and RRLL on the other. Even if single crystal specimens are not avail- 
able for comparison, a careful examination of the relative intensities of 
geometrically equivalent spots on the Laue photographs of crystals 
showing pseudo-D," Laue symmetry may enable the presence of twinning 
to be detected. Thus, the x-ray method coupled with studies of optical 
activity enables some progress to be made in the determination of the 
nature of twinning in certain cases where the more exact methods of 
formal crystallography cannot be applied in full. 

It is of interest to note that Schubinkow and Zinserling® have em- 
ployed Laue diagrams (obtained with the x-ray beam along the ¢ axis) 


” Topsge, H. and Christiansen, C., Vidensk. Selsk. Skr. Kopenhagen, vol. 9, p. 661, 
1873; Ann. Chim. Phys., (5), vol. 1, pp. 5-99, 1874; Pogg. Ann., Ergdnzb., vol. 6, pp. 499- 
585, 1874. 

§ Schubnikow, A., and Zinserling, K., Zeits. Krist., vol. 83, pp. 243-273, 1932. 
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in conjunction with optical studies to demonstrate that mechanical 
twinning in quartz, due to pressure, is of the Dauphiné (RR or LL) 
type. The twin gave a pseudo-hexagonal Laue diagram but the optical 
activity was the same as in the single crystal. 

Specifically, the present study has identified a pseudo-hexagonal 
(twinned) crystal of Rb2S2O5 as of the RL or of the RRLL type. In view 
of the statements of Fock® and of Hankel and Lindenberg® (i.e., that 
twins of K2S20, are of the RR or LL type), twinning in the isomorphous 
K2S20¢ and Rb2S2O¢ apparently is according to different laws. 

In view of the fact that we have obtained Laue photographs of 
K2S20¢ and of Rb2S2O. with the beam along a, b and ¢ axes that in all 
cases show the symmetry to be expected, namely D3’, and that we have 
also obtained corresponding photographs of other specimens of both 
salts showing the symmetry of Ds” with regard to relative geometrical 
positions (but, D;? with respect to relative intensities), there is no doubt 
that Higg’s crystal of Rb2S2O. was a twin. 

Single individuals of neither K2S2O. nor of RbeS2O¢ yield Laue dia- 
grams that are good examples of those from typically trigonal crystals, 
such as a-quartz® or, particularly, tourmaline.'!® Furthermore, on casual 
inspection, the diagrams of Rb2S2Os are less obviously trigonal than are 
those of K2S2Oxs. It is, therefore, of interest to examine the hypotheses 
of Hagg in this connection despite the fact that they were proposed to 
account for the observation that a crystal, which was expected to show 
the symmetry of D3?, in reality appeared to possess pseudo-D," sym- 
metry. 

The alkali metal ions in K2S.O, and in Rb2S2O¢ occupy the special 
positions (e)+(f) of D;?. In view of Hagg’s suggestion that the lattice 
of these ions may possess the symmetry of Dg", the space groups of those 
classes (D3", Cs’, Ds, De") having the Laue symmetry of Ds” were exam- 
ined to determine if these special positions (wuO; Ou0; HOO; u'w'’, 
2; Ou’, 3; w’O, 4) are possible therein. Since u and uw’ may have any 
values independently of each other, (f)+(g) of Ds, is identical with 
(e)+(f) of D;?. The alkali metal ions, therefore, ave on a lattice possessing 
the Laue symmetry of Dg". 


9 Barnes, W. H., and Wendling, A. V., Trans. Roy. Soc. (Canada), vol. 27, Sect. 3, 
pp. 133-140, 1933. 

10 Barnes, W. H., and Wendling, A. V., Trans. Roy. Soc. (Canada), vol. 27, Sect. 3, 
pp. 169-175, 1933. 

11 Symbols for crystal classes, space groups and special positions are those employed by 
Wyckoff, R. W. G., Analytical Expression of the Results of the Theory of Space Groups, 
Carnegie Pub. 318, 2nd Ed., Washington, 1930. 
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The alternative suggestion of Hagg that an approach to higher sym- 
metry may be due to changes in the parameters of the alkali metal 
ions may be discarded since in (e)+(f), the only variable parameters, 
may have any values independently of each other without affecting the 
holohedral Laue symmetry of their lattice. 

It is probable, therefore, that Hagg’s suggestion regarding the influ- 
ence of the potassium and, notably, of the heavier rubidium ions on the 
Laue symmetry of the crystals as a whole may account for the fact that 
trigonal Laue diagrams of Rb2S2O, are less obviously trigonal than those 
of K2S20¢, despite the fact that it was proposed to account for the Laue 
symmetry of crystals of Rb2S2O, that were assumed to be single crystals 
but, in view of the results of the present study, certainly were twins. 


GENESIS OF CERTAIN ADIRONDACK 
GARNET DEPOSITS 


WiuiaM J. MILLER. University of California 
at Los Angeles. 


INTRODUCTION 


The garnet-rich deposits discussed in this paper occur in north- 
western Warren County, New York, and adjacent regions. The most 
important localities are shown on the accompanying geologic map. 
Garnets have been mined for abrasive purposes at a number of these 
places, but only the Barton Mine was active in 1937. The garnets of 
these localities are essentially the real almandite variety with some ad- 
mixture of calcium and magnesium. Many of them have gem-stone color 
and translucency, but their highly fractured nature renders them largely 
unfit for jewelry. 

There are various modes of occurrence of garnets in the Adirondack 
region. This paper is concerned only with those which occur (1) as 
numerous variably distinct dodecahedral crystals, generally from one- 
half to two inches in diameter, without envelopes of hornblende crystals, 
and irregularly scattered through a dioritic matrix, and (2) as numerous, 
generally rounded masses, from an inch to a foot or more in diameter, 
each surrounded by a distinct envelope of hornblende crystals, and ir- 
regularly embedded in long, lens-like bodies of dark gray gabbro-dioritic 
rock. 

The problem of the origin of these garnets is a puzzling one. Twenty- 
five years ago the writer advocated a theory! according to which the 
garnets were produced by the action of quartz syenite magma upon 
lens-like inclusions of basic Grenville gneiss. Certain of the descriptive 
details then given are not here repeated. In the light of knowledge gained 
through later detailed field and laboratory work, including a visit to 
the region in 1937, the ideas set forth in the 1912 paper should be am- 
plified and modified in certain important respects. 


ROCKS OF THE REGION 


The rocks of the region represent nearly all of the common types of 
Adirondack pre-Cambrian rocks. These are, in order of age, the Gren- 
ville metasediments, including crystalline limestone, quartzite and vari- 
ous schists and gneisses; gabbro and its metagabbro facies; anorthosite 
and its gabbroid facies; and the syenite-granite series. There are also 
more or less intimate mixtures of two or more of the various forma- 


1 Miller, W. J., Econ. Geol., vol. 7, pp. 493-501, 1912. 
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tions, including injection, digestion, or assimilation of Grenville and 
metagabbro by both anorthosite and syenite-granite, and digestion or 
assimilation of anorthosite by syenite-granite. 


GARNETS WITHOUT HORNBLENDE ENVELOPES 


It is suggested that the garnets without hornblende envelopes were 
produced where anorthosite magma reacted with or assimilated meta- 
gabbro inclusions. Selected localities, where this theory may be tested 
will now be discussed. 

Hooper Mine. This mine is situated about a mile east of the northern 
part of Thirteenth Lake (see map). It has been a large producer of gar- 
nets. In the extensively mined rock the garnets occur in the form of do- 
decahedral crystals, often with fairly good faces. The garnets range in 
size up to more than an inch in diameter. They are rather thickly scat- 
tered through a medium to moderately coarse grained, dark to light 
gray, gneissoid rock of a general dioritic appearance. The matrix varies 
a good deal in degree of foliation and in composition. All of the garnets 
are highly fractured. They are not enveloped in hornblende crystals as 
are the garnets in certain other localities. In the richer zones the larger 
garnets are seldom more than 1 or 2 inches apart. 

Thin sections of the matrix of the very common garnet-rich, darker 
gray medium grained rock show the following volume percentages of 
minerals: andesine, 60 to 65; hornblende, 30 to 35; a little enstatite and 
biotite; and very little pyrite. Hand specimens contain 10 to 20 per cent 
of garnet. The rock has, therefore, the composition of a garnet-rich 
diorite. A less common facies of the garnet-rich rock is similar to that 
just described, but it is lighter gray, and contains 10 to 15 per cent of 
biotite, largely altered to chlorite. Another, still less common, facies 
of the mine rock is somewhat finer grained and more uniform in appear- 
ance. It is greenish gray, and the scattering garnets are much smaller 
than usual. A thin section shows volume percentages of minerals as 
follows: oligoclase-andesine, 95; garnet, 3; magnetite, 1; and a little 
monoclinic green pyroxene and apatite. This rock, is therefore, an 
anorthosite in composition. 

The above described facies of the garnet-rich mine rock shows a 
crudely developed zonal or banded structure in and about the extensive 
mine pits, but the zones are usually not noticeable except on rather 
close inspection of the exposures. The crude banding is accentuated by 
the distribution of the mafic minerals in roughly defined zones an inch 
or two wide, parallel to the foliation. 

In an older mine pit, north of the main openings, the rock is much like 
the usua] mine rock, but it includes a crude band of dark hornblende- 
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rich rock containing numerous small garnets. This band ranges up to 
10 feet wide, and it lies parallel to the foliation of the mine rock. Its 
indefinite borders are plainly involved with, and more or less merge 
into, the usual anorthositic or dioritic garnetiferous material. This dark 
band represents part of an older rock (metagabbro), which was rela- 
tively little affected by the intrusion of the anorthosite magma in this 
vicinity. 

An area of anorthosite, varying to anorthosite-gabbro, surrounds the 
garnet-rich mine rock (see map). Close to the mine, some of this rock 
might easily be mistaken for a basic facies of the syenite. It is, however, 
a greenish gray, medium grained anorthosite consisting of 93 to 95 per 
cent of oligoclase-andesine, together with some scattered garnet, 
monoclinic pyroxene, magnetite and apatite. It is notably granulated. 

Along the southeastern side of the Hooper Mine area much of the 
rock is a medium to fine grained, highly granulated anorthosite con- 
taining some small scattered cores of dark bluish gray plagioclase 
crystals. 

Much of the rock in the northeastern part of the area is medium to 
fine grained, crudely foliated, gabbroic anorthosite. A thin section shows 
the following approximate volume percentages: plagioclase (mainly 
andesine), 84; hypersthene, 10; hornblende, 3; magnetite 3; and a little 
pyrite and apatite. A few small garnets occur in the hand specimens. It 
is important to note not only that this rock, on the one hand, merges 
into the garnet-rich mine rock but also, on the other hand, into the large 
body of syenite in this part of this general region. 

In view of the above statements, the following explanation of the 
origin of the garnets is suggested. A large lens-like inclusion or possibly 
several smaller inclusions, of metagabbro (not basic Grenville as for- 
merly supposed) was caught in the invading anorthosite magma, cut to 
pieces, and variably digested or assimilated by the magma. The result- 
ing product is the crudely foliated dioritic mine rock with its numerous 
large garnets scattered through the mass. The material of the garnets 
was produced by the reaction between the anorthosite magma and the 
metagabbro, and conditions in the cooling syntectic magma were favor- 
able for the growth of the large variably euhedral garnets. The anortho- 
site of the area surrounding the mine rock was probably rendered 
irregularly basic by digestion of variable and smaller amounts of meta- 
gabbro. 

Next came the intrusion of the syenite magma which more or less 
thoroughly digested or assimilated the borders of the body of variably 
impure anorthosite which surrounds the mine rock. This hypothesis 
explains not only the crude banding and variable composition of both 
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the mine rock and that of the immediately surrounding anorthosite and 
gabbroic anorthosite, but also the lack of anything like sharp boundaries 
betwen the mine rock and the anorthosite on one hand, and the anortho- 
site and the syenite on the other. 

Ruby Mountain areas. Two areas on the south Site of Ruby Mountain 
present some interesting phenomena which throw light upon the prob- 
lem of the origin of the Hooper Mine garnets. Garnets have not been 
mined in these areas. The two lens-like masses, variably rich in garnets, 
lie within a body of typical, moderately foliated, Adirondack syenite, 
and they follow the general structural trend of this locality. Much of the 
rock of the more southerly lens has the general composition of horn- 
blende diorite, rich in garnets, and with something of an anorthositic 
appearance. These garnets, ranging commonly from half an inch to three 
inches in diameter, do not have hornblende envelopes. The garnet- 
bearing rock varies considerably in the form of streaks and crude bands 
parallel to the foliation. Some of these streaks or bands consist of nearly 
pure hornblende without sharp boundaries against the main body of 
the rock. The main body of the rock shows hornblendes of all sizes to 
almost an inch long irregularly scattered through the mass singly and 
in groups. Much of the rock of this lens is, however, like that of the 
Hooper garnet mine already described. Fine exposures in the bed of the 
brook in the western part of the area show the rock to be much like that 
just described, but it is not as rich in garnets, and one facies looks like 
a fine to medium grained, greenish-gray, crudely foliated, moderately 
hornblendic anorthosite through which is scattered a sprinkling of small 
garnets. 

The more northerly mapped lens or area is still richer in hornblende 
and more foliated in general, and the garnets are smaller. Some out- 
crops taken individually may be classified as metagabbro. 

The evidence leads to the conclusion that the rocks of these lenses 
represent an irregular mixture which resulted from more or less intimate 
cutting and digestion of metagabbro by anorthosite magma, and that 
the lenses in turn are inclusions in the syenite against which there are 
no sharp contacts because of some assimilation of borders of the inclu- 
sions by the syenite. As supporting evidence for this hypothesis, a 
boulder in a field in this vicinity, one-sixth of a mile north of the outlet 
of Thirteenth Lake, may be described briefly. This is a glacial boulder, 
8 feet in diameter. A considerable portion of it consists of typical 
anorthosite carrying an inclusion (5 feet long) of dark, fine to medium 
grained hornblende-garnet gneiss, probably altered metagabbro. The 
inclusion has been partly cut and injected by the anorthosite. Much of 
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the boulder is crudely foliated, medium to moderately coarse grained 
hornblende-garnet-plagioclase rock which quite clearly has resulted from 
digestion or assimilation of the old dark rock (probably metagabbro) by 
the anorthosite. The last named facies varies considerably in amounts of 
hornblende and garnet, as well as in degree and regularity of foliation. 
Within a foot or two of the inclusion, some hornblendic material is 
irregularly streaked through anorthosite. 

Roaring Brook area. A little area of garnet-rich rock is shown on the 
geologic map at the eastern end of the area of the anorthosite on the 
north slope of Gore Mountain. There are excellent exposures in the bed 
of Roaring Brook, but the exact size of the area is not known. The gar- 
net-rich rock lies parallel to the foliation of the syenite which partly 
surrounds it. The rock is almost exactly like very common facies of the 
Hooper Mine garnet-rich reck, and much like that of the Ruby Moun- 
tain lenses described above. The garnets range from half an inch to 14 
inches in diameter, some of them with crude suggestions of hornblende 
envelopes. The nature and relations of this garnet-rich rock strongly 
suggest that it originated in the same manner as the Hooper Mine rock 
and the garnetiferous lenses on Ruby Mountain. 

A narrow band, much like the Hooper Mine rock, lies between the mine 
rock and the syenite at the Barton Mine locality. It is described and ex- 
plained beyond under the caption “Barton Mine.” 


GARNETS WITH HORNLENDE RIMS 


It is suggested that the garnets with conspicuous hornblende enve- 
lopes were produced by dynamo-thermal action of quartz syenite magma 
upon border portions of gabbro bodies, and upon inclusions of it in the 
syenite, no anorthosite having been involved in their genesis. Evidence 
from several selected localities will now be presented in support of this 
hypothesis. 

Barton Mine. This is the most interesting mineral locality within the 
region under consideration. The remarkably large garnets have been 
mined for many years. The mine is located about two-thirds of a mile 
north of the summit of Gore Mountain (see map). 

The garnet-rich mine rock occurs as a long, narrow, lens-like mass 
about three-fourths of a mile long with a nearly east-west strike. Both 
the mine rock and the syenite upon which it rests on the south show a 
folation of 15° north. 

The size of the garnets and their mode of occurrence in the mine rock 
are of unusual interest. The matrix or rock carrying the commercial 
garnets is a gray, medium grained, moderately foliated rock of gabbro- 
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dioritic composition with much andesine-labradorite and hornblende, 
together with some hypersthene and biotite, and small amounts of 
magnetite, apatite, and pyrite. Imbedded in this matrix are numerous, 
rounded, well scattered, brownish red garnets whose diameters are 
commonly 2 to 6 inches, and not rarely 1 or 2 feet. These garnets are 
always highly fractured, and small fragments are translucent. They 
rarely exhibit more than suggestions of dodecahedral crystal boundaries. 
A remarkable feature is the never failing occurrence of an envelope of 
pure, black, medium grained hornblende crystals completely enclosing 
each garnet. As a rule the envelopes increase in size with the size of the 
garnets, some of them being as much as 2 or 3 inches thick. Irregular 
nests of basic plagioclase, often associated with some augite and biotite, 
occur very locally between a garnet and its hornblende rim. These 
nests are usually from one-half of an inch to an inch or more across. This 
coarse crystalline plagioclase, which is remarkably clear, is about on the 
border between labradorite and bytownite. 

The red garnets, each surrounded by a black rim, imbedded in the 
gray gabbroic matrix, present a striking appearance on the walls of the 
extensive mine pits. 

A section across the strike of the garnet-rich mine rock, and extend- 
ing from the syenite on the south to gabbro on the north (see map), 
shows a gradational series involving at least six zones. These changes oc- 
cur within a distance of about 150 feet across the strike. The large body 
of rock constituting the mass of Gore Mountain just to the south of the 
mine is typical Adirondack, gneissoid, quartz syenite. Approaching the 
mine, the syenite becomes distinctly more basic and it contains a sprin- 
kling of little garnets. Thin sections of this rock show volume percentages: 
oligoclase, 45 to 60; microperthite, 25 to 35; quartz, 1 to 8; hyper- 
sthene, 5 to7; hornblende, 1 to 3; garnet, 2 to 3; magnetite, 1 to 2; apa- 
tite, 1; and usually a little diallage, pyrite, or zircon. 

The syenite just described grades into a zone of somewhat variable 
garnet-bearing rock several yards wide, which is, in composition and 
structure, much like that of the most common Hooper Mine rock, and 
also like that of the lenses on Ruby Mountain and on Roaring Brook, all 
of which have been described. This crudely foliated rock contains, by 
approximate volume percentages: oligoclase-andesine, 60; very irregu- 
larly distributed hornblende, 30; scattering red garnets, 10. The garnets 
vary to nearly an inch in diameter. Many of them show crystal outlines, 
but they do not have hornblende rims. This zone has a distinctly dioritic 
composition. 
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The garnet-bearing rock just described grades through a zone 8 or 
10 feet wide into the typical garnet-rich mine rock which, as above 
mentioned, has the composition of a hornblende-rich gabbro-diorite 
containing the large garnets, each with an envelope of hornblende crys- 
tals. This garnet-rich zone reaches a width of about 100 feet across the 
outcrop. Along its northern side the garnets are much smaller and the 
hornblende rims are indistinct. 

The last mentioned zone grades through a few feet of hornblende-rich 
hypersthene gabbro, containing numerous tiny garnets, into the mapped 
body of true gabbro of the area just north of the mine. This gabbro is 
rich in labradorite, hypersthene, and tiny garnets, and it contains 
some biotite, hornblende, and olivine. It is a massive rock with a dis- 
tinct ophitic texture. 

The following hypothesis may be offered by way of explanation of the 
various zones just described. Before the intrusion of the syenite magma, 
the southern border portion of the body of gabbro (probably metagab- 
bro) was more or less intimately cut and assimilated by the anorthosite 
magma, producing a syntectic rock rich in fairly large garnets without 
hornblende envelopes, and in a manner similar to origin of the already 
described Hooper mine rock. Then came the great intrusion of quartz 
syenite magma which, on the south, cut out all of the true anorthosite 
and variably digested or assimilated most of the then existing garnet- 
bearing syntectic rock, producing a new syntectic rock with numerous 
small garnets, and leaving a band of the older garnetiferous syntectic 
rock, a few yards wide, next to the mine. This explains both the garnetif- 
erous basic facies of the syenite and the zone of dioritic rock (Hooper 
Mine type) containing fairly large garnets without hornblende envelopes. 

By metamorphism, induced by the rise of the great body of quartz 
syenite magma, the mine rock, with its large hornblende-enveloped gar- 
nets, was produced along the southern side of the body of gabbro. The 
composition of the mine rock indicates that little if any material was 
added to the gabbro by the syenite magma, and so the nature of the 
metamorphism was largely or wholly dynamo-thermal, both pressure 
and heat having been supplied by the magma as it enveloped remnants 
(that is, the mapped bodies) of the once more extensive gabbro and 
anorthosite (see map). The destruction of the ophitic texture and the 
crude foliation of the mine rock are thus readily accounted for. 

The matrix of the garnet-rich mine rock contains much hornblende, 
little hypersthene, and no olivine in contrast with the gabbro. The 
gabbro contains about as much garnet, in the form of numerous tiny 
grains without hornblende rims, as the mine rock with its large horn- 
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blende-enveloped individuals. It seems clear, therefore, that the mine 
rock is simply a more or less chemically and mechanically altered and 
recrystallized facies of the gabbro. 

Relations between the gabbro and the anorthosite north of the Barton 
Mine are rather obscure because of the dense vegetation. No rock at all 
like the garnet-rich mine rock could be found bordering the gabbro on 
the north, but the southern portion of the anorthosite body contains 
some injected and partly digested, garnetiferous fragments of the meta- 
gabbro. 

Old Hooper Mine. This mine, which has not been operated for many 
years, lies 12 miles west-northwest of North River (see map). The garnets 
occur in a lens of crudely foliated garnet-rich hornblende-plagioclase 
rock, quite certainly metagabbro. This lens of dark gneiss lies in grano- 
syenite parallel to the crude foliation of the latter. It shows a north- 
westerly dip of 25°. The very irregular contacts of the lens rock against 
the country rock are generally not sharp, and the borders of the lens 
are somewhat cut by the grano-syenite. A conspicuous zone in the lens 
is a gabbro-diorite carrying numerous irregularly scattered garnets, 
each of which has a rim of hornblende. This rock is almost exactly like 
the mine rock of the Barton Mine, but the garnets are smaller. A facies 
of the dark rock of the lens is a rather massive, medium to moderately 
coarse grained, dark gray, hornblende-rich rock (metagabbro) contain- 
ing many red garnets which are usually from 1 to 5 millimeters in 
diameter. Another facies is a medium to fine grained, nearly black horn- 
blende gneiss containing no garnets. Small amounts of biotite-horn- 
blende-garnet schist also occur. These facies are by no means sharply 
separated from each other. 

It seems clear that these garnets were developed by metamorphism 
of a small body of gabbro which was caught in the invading grano-syenite 
magma, and in a manner similar to the Barton Mine occurrence. The 
relations of the rocks on the mountainside above the mine support this 
view. There is no associated anorthosite. 

Humphrey Mountain Mine. Some garnets have been mined on the 
northeastern face of Humphrey Mountain along the contact between 
the syenite and the gabbro of this locality (see map). The garnets, each 
with a rim of hornblende, occur in a dark gray, gabbro-dioritic rock in 
almost exactly the same manner as those in the Barton Mine. The gar- 
net-rich material is quite certainly metagabbro which grades though a 
foliated facies into the typical massive gabbro of Humphrey Mountain. 
Close to the mine the foliated metagabbro is somewhat injected with 
syenite. There is no sign of any anorthosite. All evidence supports the 
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view that this garnet deposit was produced essentially by dynamo- 
thermal metamorphism of a border portion of the Humphrey Mountain 
gabbro by the invading quartz syenite magma. 

Garnet deposits of adjoining quadrangles. Several other deposits in 
which numerous large red garnets with hornblende envelopes are em- 
bedded in dark gray metagabbro have been examined by the writer. 
One of these is on Oven Mountain in the North Creek quadrangle where 
a mine was operated many years ago. The garnet-bearing rock is large, 
distinct, lens-like inclusion of metagabbro (not Grenville as formerly 
supposed) in grano-syenite. Similar garnet-rich rock, with garnets up to 
5 inches in diameter, occurs in the form of several small variably altered 
lens-like inclusions of metagabbro in gneissoid grano-syenite at the Rex- 
ford Mine, 13 miles south-southeast of North Creek. Prospect holes have 
been opened ina similar garnet-rich deposit half a mile east of Bull pond 
in the Newcomb quadrangle, and 2 miles southeast of Forest Home in 
the Blue Mountain quadrangle. Both of the last named deposits lie be- 
tween syenite and gabbro. At the Crehore Mine on the face of Casey 
Mountain, in the Newcomb quadrangle, 33 miles northwest of North 
River, garnets with hornblende envelopes occur in a lens of amphibolite 
(metagabbro) in quartz syenite. Several mapped bodies of gabbro occur 
in the general vicinity. 

All of the garnet deposits just described as occurring in adjoining 
quadrangles quite certainly resulted from metamorphism of border 
portions of gabbro by quartz syenite magma as in the cases of other 
similar deposits already explained. In none of these deposits is there any 
directly associated anorthosite. 


VEATCHITE, A NEW CALCIUM BORATE 
FROM LANG, CALIFORNIA 


GEORGE Switzer, Harvard University, Cambridge, Mass. 


ABSTRACT 


Veatchite, CasBsOn: 2H,0, is a new mineral from Lang, California. It is monoclinic, 
with lattice constants a9=6.72A, bo =41.26A, co=41.20A, 8 =67°. Perfect {010} and imper- 
fect {001 } cleavages; H=2, G=2.69. Biaxial, positive; Z:c[001]=—38°, Y=0[010]; in- 
dices (Na) :2X=1.551, nY=1.553, nZ=1.621, all +0,002; 2V=37°. Occurs in white cross- 
fibre veins in limestone and howlite. 


INTRODUCTION 


The mineral here described was found by Mr. William H. Nisson, of 
Petaluma, California, at the old colemanite mine at Lang, Los Angeles 
County, California, in September 1936. Veatchite, as the new species 
will be named, occurs in white cross-fibre veins up to 6 mm. across, with 
dark grey clay, cutting massive white limestone and howlite. The new 
species is apparently rare, since only a few small specimens have been 
found. 


MorPHOLOGY 


No terminated crystals of veatchite were found. The vein fibres are 
rather coarse (up to 1 mm. across) and exhibit two cleavages. The better 
cleavage is {010}. The other cleavage is at an angle of 67° (+1°) to the 
length of the fibres and is taken as c{001}. The symmetry is thus prob- 
ably monoclinic. The perfect 5{010} cleavage produces very thin plates 
tabular parallel to 6{010} and elongated parallel to the length of the 
fibres, terminated at either end by the imperfect basal cleavage. The 
fibres form subparallel aggregates, and it is only by cleaving down to a 
very thin plate that a single individual can be obtained. 


PHYSICAL PROPERTIES 


The cleavage of veatchite is perfect and easy parallel to 6{010}, and 
imperfect parallel to c{001}. The hardness is 2. The specific gravity 
determined by suspension in bromoform is 2.69. It is clear and colorless 
with a silky luster. 

OPTICAL PROPERTIES 


n(Na) 
x Loot Positive 
Y =0{010] 13553 ¢4: 0002" 2V=37(429 
Z:c[001] = — 38° 1.621 Dispersion r>v, perc. 
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X-Ray MEASUREMENTS 


Rotation photographs were taken on cleavage fragments with both 
c[001] and a[100] as axes of rotation. A Weissenberg photograph was 
taken with c[001] as the rotation axis, the zero and first layer lines ap- 
pearing on the same picture because of the extremely long translation 
distance along the c axis. These photographs gave a monoclinic unit cell 
with the dimensions: 

ao=6.72 A, bb = 41.26 A, co= 41.20 A, B=67° (from morphology) 
Axial ratio: ao: bo: ¢o=0.163:1:0.998. 


Using the unit cell dimensions given above and a density of 2.69, 
the molecular weight of the unit cell becomes 17,126. 

The space group was not determinable because of the uncertainty of 
indexing all of the spots due to the large dimensions of the unit cell in 


the directions c and 0. 
COMPOSITION 


Table 1 gives the chemical analysis and the atomic content of the 
unit cell using the molecular weight 17,126. 


TABLE 1, ANALYSIS OF VEATCHITE AND CONTENT OF Unit CELL 


il Me 3: 4. 3s 6. 


CaO 31.08 31.20 0.5563 =2X0.2782 Ca 95.4 96 CaO 31.41 
B203 59.03 59°26 0.8510=3 X0.2873 By 2OL.4 288 B,0O3 38.51 
H20 9.50 9.54 0.5300=2X0.2651 O 623.3 624 HO. 10.08 
Insof. 0.62 H 181.6 192 


100.23 100.00 100.00 


. Analysis by F. A. Gonyer. 

. Analysis calculated to 100%. 

. Molecular ratios. 

. Atomic content of the unit cell. 

. Theoretical unit cell content for 48(Ca2BsOu1: 2H20). 
. Calculated composition for CapBgOu: 2H20. 


Don fF wWN 


The calculated density using the theoretical unit cell content is 2.665. 

Pyrognostics. Before the blowpipe, on charcoal, veatchite fuses at 1.5 
with intumescence to an opaque white bead. It gives the characteristic 
greenish yellow boron flame. In the closed tube it yields a moderate 
amount of water, which gives a strong acid reaction. 


THE System R2B,On:2H,0’ 

The formula CazB,0,,-2H.2O for veatchite places it in the same chemi- 
cal system with five other calcium and magnesium borates. Table 2 
tabulates some of the properties of this system in order of increasing 
degree of hydration. 
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TABLE 2 


Mean Ref. Crystal 


Name Composition Density ji eet giana 
; ystem 


Cleavage 


Veatchite CaeBsOn-: 2H.0 2.69 1.586 Mono. {010} per. {001} imp. 
Colemanite  Ca,BsOu-: 5H20 4 1-600 Mono. {010} per. {001} dis. 
Hydroboracite CaMgB,Ou: 6H20 nal], 1.548 Mono. {010} per. {001} per. 
Meyerhofferite CasBgOu- 7H,O ‘ P530r) Jiri. {010} per. 
Inyoite CaBeOu: 13H,O 1.87 1.510 Mono. {001} per. 
Inderite! Mg2BeOu- 15H.0 1.80 1.490 


It is noteworthy in the above table that the specific gravity becomes 
less with increasing degree of hydration; that there is a more or less 
systematic change in the mean index of refraction; and that all the 
members of the system have at least one perfect cleavage, usually 
b{ 010}. 

OccURRENCE 


The minerals of the system R2BsOy.-~H2O occur intimately asso- 
ciated in deposits of a similar nature in several California localities, 
along with other borates, usually ulexite (NaCaB;O,:8H2O) and howlite 
(H;Ca2B;SiOy,). Colemanite is always the most abundant mineral. 
Such deposits are found at Lang, Borate, several localities in Ventura 
County, and in the Ryan and Mt. Blanco districts near Death Valley. 
They are all interbedded with lake bed deposits of Tertiary age.? 

The exact mode of occurrence of veatchite at Lang is not known. Al- 
though the specimens show veatchite veins cutting limestone and how- 
lite, they were found as part of a small boulder lying in the wash, and 
none of the material has yet been found in place. 

Name. It seems fitting to name this new borate veatchite after Dr. John 
A. Veatch, who was the first to detect the presence of borates in the 
mineral waters of California, on January 8, 1856, as related in a letter 
from Dr. Veatch to Henry G. Hanks, in the California State Mining 
Bureau, Third Annual Report of the State Mineralogist (1883). 
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NOTES AND NEWS 


MEASUREMENT OF COMPONENTS OF THIN SECTIONS WITH 
THE PLANIMETER 


G. Everett Marsu, Institute of Criminal Science, Washington, D.C. 


The following method was employed in the determination of the rela- 
tive proportions of two alkaloids in a mixture, and has much to recom- 
mend its use in fields other than that of forensic chemistry. The propor- 
tions of the different minerals in a thin section of a rock, or in a granular 
mixture of discrete particles as in the case of sediments, may be easily 
and precisely determined. 

In the case in question, the microscope was mounted on the base of the 
stand supporting a camera placed in a vertical position. The ground-glass 
of the latter was removed and replaced by a piece of plywood, about 
12”X15”, with a central opening 4” 5” (the size of the ground-glass of 
the camera), and with four cleats attached to the underside making a 
frame of the same size as that of the ground-glass. This construction 
holds the plywood in place. A sheet of plate glass was suitably fastened 
to the upper surface of the wood. A piece of celluloid roughened with 
fine sandpaper on one side, or oiled bond typewriter paper, etc, is 
cemented to the glass so that it will lie perfectly smooth and function in 
the same manner as the ground-glass of the camera, thereby enabling 
the image of the object to be sharply focussed on it. 

The procedure consists in measuring the areal extent of the com- 
ponents by means of a planimeter passing over the paper. The surface 
should be sufficiently rough so that the wheel of the planimeter will 
move without sliding, a condition easy of attainment. The fixed point 
of the planimeter is so chosen that the tracing point can sweep over the 
whole area to be covered, and is held in position by pressing it into an 
elongated piece of cardboard, near one end, the other being suitably 
weighted to keep it firmly in position. 

On moving the tracing point around the periphery of the image of a 
crystal or grain the planimeter gives the area. This area is the difference 
between the reading taken at the beginning and that at the end of the 
circumscribing movement. The sum of all of the areas so measured gives 
the areal extent of all of the particles. Moving the point around the 
periphery of the field gives the total area and this value divided into the 
sum of the grain areas gives the relative proportion of the latter to the 
area of the field, taken as unity; or the relationship can be expressed in 
per cent. 

If the problem is the determination of the relative amounts of two or 
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more substances in a mixture, the area of the grains of each type is meas- 
ured and the sum of all of these areas, divided into the total area of one 
of the components, gives the contribution to the whole by the component 
considered. To illustrate we may give the following actual example. 
The field contained three components; the total areas of the A, B, and 
C grains were respectively 0.73, 0.19 and 1.03, each in square inches. 
The total area of all of the grains is the sum of these, 1.95. The three 
ratios of the components to the total area are A, 0.3745; B, 0.0975; C, 
0.5280; and the percentages are A 37.45, B 9.75, C 52.80. In this case the 
field had a diameter of 4.5” (area 15.90 square inches), and the three 
components constituted A 4.58%, B 1.19%, and C 6.48% of the entire 
field. 

The accuracy of the method is free from any dependence on the regu- 
larity or uniformity of outline or distribution of the components. The 
planimeter readings can be speedily taken and a slide rule enables results 
to be found quickly. For these reasons the method recommends itself 
highly for mineralogical and petrographic analysis. 


VIVIANITE FROM RUTH, NEVADA 


VINCENT P. GIANELLA, University of Nevada, 
Reno, Nevada. 


Vivianite was found during mining operations in the Liberty Pit of 
the Nevada Consolidated Company’s mine at Ruth, Nevada. The 
mineral was noted by Mr. Emmett Spencer, who called the writer’s 
attention to it during a visit to the property in June, 1937. The vivianite 
is found only in a small exposure near the bottom of the pit, near the 
south wall. , 

The host rock is the Ely limestone, of Pennsylvanian age, as recorded 
by Spencer.! The limestone contains fine veinlets of pyrite and chalco- 
pyrite. Vivianite was deposited in numerous crystals on the surfaces of 
joint planes and also in seams. Within the rock mass are small grains 
and occasional spherical aggregates. The globular masses, some of which 
measure about a half inch in diameter, are composed of slender radi- 
ating crystals. Small crystals have found also in vugs where they have 
grown upon an encrustation of calcite. Some of the crystals on the joint 
surfaces are over an inch in length. Where the globular masses are cut 
by fractures, the section shows the stellate arrangement of the vivianite. 
The color ranges from pale green to dark blue, while some of the smaller 
crystals are practically colorless. The dark blue crystals are nearly 
opaque while the nearly colorless ones are clear and transparent. When 
finely crushed, the lighter colored material produces a white powder 
which darkens very rapidly. A marked blue tone develops within a few 
moments and after long exposure it eventually turns to a dark blue. 
No reference to vivianite is found in the reports on the district and, so 
far as is known, this is the first occurrence of vivianite to be reported 
from Nevada. 

As no material was available at the time of the writer’s visit, Mr. 
Emmett Spencer? kindly collected specimens when the mineral was again 
exposed by mining. The mineral was identified by Professor Walter S. 
Palmer.® 


1 Spencer, Arthur C., The geology and ore deposits of Ely, Nevada: U. S. Geol. Survey, 
Prof. Paper 96, pp. 27-28, 1917. 

? Assistant Engineer, Nevada Consolidated Copper Company. 

3 Director. Nevada State Analytical Laboratory. 
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PROCEEDINGS OF SOCIETIES 


MINERALOGICAL SOCIETY OF GREAT BRITAIN AND IRELAND 
March 10th, 1938 


Dr. L. J. Spencer, C.B.E., F.R.S., President, in the chair. The following were exhibited: 
Mr. B. W. Anderson, an imitation topaz; Mr. Arthur Russell, the manuscript catalogue of 
Philip Rashleigh’s collection with entries dating from 1784 to 1804, and specimens of 
minerals from several British localities. 

The following papers were read :— 


(1) Tabular spessartite crystals in muscovite. By Prof. E. D. Mountatn and Mr. 
LESLIE E. KENT. 


In a quartz-albite pegmatite at the Union Mica Mine, south of the Murchison range in 
N.E. Transvaal, garnet crystals flattened parallel to (110) occur in muscovite “books” 
parallel to the cleavages. The garnets among themselves have no well-defined orientation 
but sometimes occur in rows parallel to growth-planes of the muscovite. The crystallization 
of mica and garnet seems to have been more or less simultaneous, the partially crystallized 
muscovite influencing the habit of the garnet by molecular forces. 


(2) On the nature of withamite. By C. Ossornre Hutton. 


The pink epidote mineral, withamite, occurring in altered andesites in Glen Coe, Scot- 
land, has been analysed and its optics determined. This data shows that it is a slightly man- 
ganiferous piedmontite with a pleochroism comparable to that recorded for the New 
Zealand mineral. The occurrence was compared with several piedmontite-bearing localities 
in America and two hypotheses as to origin were put forward. 


(3) Australites: a unique shower of glass meteorites. By Dr. CHARLES FENNER. 


The different types of tektites and the several theories of their origin were reviewed. The 
similarity of type and the wide distribution of australites point to a cosmic origin. It 
was suggested that they were shed from a meteoritic body in the earth’s atmosphere as 
siliceous blobs, which on further melting during flight acquired their particular shapes. 


(4) The stilpnomelane group of minerals. By C. OsBorNnE Hutton. 


Stilpnomelane minerals have been found, often abundantly developed in the low grade 
dynamically metamorphosed schists of western Otago, New Zealand. Their chemical and 
optical properties have been studied and the relationship between them was represented 
by curves. These minerals are found to vary between end members, the hydrous ferric 
silicate, stilpnomelane, and the hydrous ferrous type, for which the name ferrostilp- 
nomelane was proposed, and a manganiferous member, parsettensite. Six new analyses of 
members of the group and seven rock analyses were given while the results of dehydration 
and x-ray work were also submitted. A theory of metamorphic origin of members of the 
group was advanced. 


(5) The rare-earth content of the fluorite of England and Wales. By V.L. ASPLAND, 
A. BRAMMALL, and J. G, C. LEEcnH. 


Quantitative spectrographic analyses of these fluorites for elements cerium (Cess) to 
lutetium (Lu7:) have been made; and the significance of their distribution in relation to 
petrographic and metallogenetic provinces was discussed. 
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NEW YORK MINERALOGICAL CLUB 
American Museum of Natural History, New York City, April 20, 1938 


The meeting was called to order at 8:00 p.m. by First Vice-President Anderson, with 70 
members and guests present. The officers tor the next year were elected, as follows: 


President: Dr. Olaf Andersen Secretary: Dr. F. H. Pough 
First Vice-Pres.: Mr. H. R. Lee Treasurer: Mr. J. A. Taylor 
Second Vice-Pres.: Mr. J. C. Boyle Directors: Mr. G. S. Stanton and 


Mr. James Morton 


Mr. Yedlin announced the Spring field trip for May 1st, a trip by bus to the quarries at 
Easton, Pa. 

Dr. Andersen then introduced the speaker of the evening, Dr. Heinrich Ries, of Cornell 
University, who spoke upon “Some Volcanic Regions of the West.’”’ Beginning with Mt. 
Rainier, Dr. Ries spoke of Crater Lake, showing many views of the unusual and little 
visited area of the San Francisco Peaks. He traced the three phases of volcanic activity in 
the area and showed maps and photographs of the deposits of the different periods; the 
second built up the large peaks, and the third, a very recent period, was responsible for 
the many small cinder cones scattered throughout the area. Although the magma came up 
through limestone, there has been little metamorphism and few minerals are to be found in 
the vicinity. One unique mineral, flagstaffite, has been found in veinlets in tree trunks 
buried in the ash. 

After exhibiting some spectacular views of the Grand Canyon and Glacier Park, Dr. 
Ries showed many slides of the Lassen Volcanic Park region, pointing out the unusual 
shapes developed in the ‘‘extrusive dome” type of cones. The hot springs are numerous and 
some so strongly acidic that they have kaolinitized and alunitized the rocks with which 
they are in contact. One spring is depositing small crusts of iron sulphide which float on the 
surface. Following the slides, Dr. Ries showed moving pictures in color of most of the 
localities which brought out the magnificent coloring of the rocks. After the meeting an 
informal reception was held for the members and their guests. 

F. H. Poucn, Secretary 


